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PREFACK 



The object of this work is to facilitate the introdnction of a Conrte 
of Cheioistry, as an elementary branch of education, in all schools 
and academies, and to lay a foundation for the young pupil*s future 
progress in Science, by awakening his mind to the nature of the 
material world in whidi he is placed. The plan adopted has been 
fio fully explained in my papers on the *' Study of Chemistry** in 
Chakbeba's Ebivbitroh Jovkkai., that it is only necessary to re- 
mark, that the system of conjoining the study of the Practice at 
the same time with the study of. the Theory, has been adopted as 
the most certain and interesting method of communicating instruc- 
tion in this science. In endeavouring to combat the almost univer- 
sally received oj>inion, th^t the Theory ought to be taught before the 
student is introduced to the Practice, J may be permitted to state, 
that my views have been confirmed by the eocpoienoe of many years ; 
and I may be allowed to quote the aatherity of Obaptai., whose 
name is so well known as one of the most ilhutxioua members of 
the National Institute o£ France. He remarks, '^ I was induced 
to adopt this ]»lan,*' referring to his work on Chemistry applied 
to the Arts, " by the opinion I have long entertained, that the 
intelligence which eluddatea Practice must succeed the latter. I 
am, in fact, convinced, from my own escperience, that a man who 
is already acquainted with the mechanical and practical part of an 
iart, receives instruction with much more advantage than another 
who is neither in the habit nor in the practice of its operations. 
For the latter, every thing is abstract ; because the principles he is 
taught, apply to nothing that he already knows, and either are soon 
obliterated from his memory, or take a wrong direction there. The 
first, on the contrary, reflects on his own experience all the light 
that is transmitted to him ; he sees in his practice the confirmation 
of all that is told him ; he refers all that is said to all that he does; 
he compares the theory with his own operations, and, in a manner, 
identifies it with them." 



VI PREFACE. 

The coarse of instruction recommended has not been proposed 
till a full trial was made of its practicability among young persons 
in all classes of society, and also in the School of Arts of this place, 
and other educational establishments. The total number of per- 
sons who have hitherto conducted a course of experiments according 
to the plan proposed, amounts to 1039. These included pupils 
from the following educational establishments ; and, while the great 
majority were from ten to sixteen years of age, excepting the pro- 
fessional students alluded to in the first list, and amounting to 360, 
many individuals of all ages and professions, including also teachers 
and governesses, operated along with them. 

Pupils attending Dr Reii^'s Practical Classes for professional pur- . 

poses, who, while conducting experiments with the usnal appa* 

• ratus, made use of the flat glass occasionally, so as to enable him 

to ascertain in what manner it might be most advantageously 

employed, ...... 360 

Pupils from the Edinburgh School of Arts, • . 140 

Prom the Arbroath Scientific Association, . 54 

From the Montrose Scientific Association, . . 25 

At Heriot*s Hospital, Edinburgh, ... 120 

At the Dalkeith Scientific Association, . . .120 

Pupils from the High School, New Academy, St Mary's Parish 
School, Lancasterian School, and also from private seminaries 
for education, . .. . • « 120 

At the Scottish Institution for the Education of Young Ladies, 80 

A list of the apparatus and materials required for an elementary 
course of instruction in Chemistry, is given in the last chapter. 

EoiNBUROU, May 1836. 
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CHAP. L— INTRODUCTION. 

1. Mat TEE is presented to our notice in three very different 
conditions— in the solid, in the liquid, and in the gaseous form. 
Gases are very attenuated, like the air which we breathe. So- 
lids and LIQUIDS are much heavier than gases. Vapour is the 
name given to any matter which may be thin and gaseous, like 
the air, but differing from it, in being easily condensed into a 
liquid, as steam, which becomes water when exposed to cold. 

2. Any matter from which nothing different from itself can be 
obtained is considered simple, and termed an element : thus 
sulphur is called an element, because* do what we may with it, 
nothing different from sulphur can be procured. Compounds 
consist of different kinds of matter which may be separated from 
each other, as. salt-water, from which the water may be separated 
by boiling, when the salt is left. 

3. All masses of matter are composed of particles which are con« 
sidered indivisible, and termed atoms. They must be exceed, 
ingly small, though their exact size is unknown, as a single grain 
can be divided into many millions of parts. 

4. Put one grain of sulphate of iron, which contains only about 
a fifth part of iron, into fifty ounces of water, and add a few drops 
of a solution of the ferroprussiate of potassa. Kvery portion of 
the water will be seen coloured by the ferroprussic acid, one of 
the ingredients in the ferroprussiate, acting on the iron. A solu- 
tion of the ferroprussiate is prepared at once by pouring upon it 
in powder ten times its bulk of water. 

5. All kinds of matter tend to attract each other, mass to mass, 
and particle to particle. When a stone is lifted from the ground 
by the hand, the mechanical effort made by the hand overcomes 
the force with which the stone is attracted by the earth, and re- 
tained at its sur&ce. When it is no longer supported by the 
hand, it falls or is drawn down to the ground by the attractive 
power of the earth. 




2 INTRODUCTIOK. 

6. Even air is attracted by the earth, and presses upon its sur- 
face : if we put a glass jar or a tumbler under water, allow the air 
it contains to escape, and invert it in the water, y^g^ |^ 
the watez in the jar will not &M out so long as it is 
kept below the surface of the water in the trough. 
The air presses upon the surface of the water, and 
it again presses upon the water in the jar with so 
much force, that it supports water in any jar or tube 
even though it be 34 feet high. It does not press so much as to 
be aUe to sustain water to a greater height. Air presses upon 
each square inch of the surfiu:e of the eairth with as much force as 
s we^fat of Id lb. 

7* When particles of tlw same kind of matter attract each other 
aaid unite, a mass, having the same properties as these particles, is' 
formed, and then the term Cohesion is used to express the ac- 
tion. But when particles of different kinds of matter unite, the 
particles thus formed have properties in which ihej differ more 
•r less from those substances bj whose union thej are formed, and 
tile term Chekical Att&actioit is then emplc^ed. 

8. No substances can act chemicall j with each other which are 
set mixed together in the most intimate manner. By Heat, 
Xjght, and Electricitj, many kinds of chemical action may be et- 
Iwted, whidi do not take pkce by mere mixture. 

9. All CHEMICAL ACTION coBsists in Combination or Becmnpo- 
sltica. CoHBiNATiOK Signifies the union of particles of different 
kinds of matter, as when sugar unites with water. By Decox- 
Tosmov is understood the separation of partielcB of difflerent 
kinds of matter which had previously been united, as the separa* 
tion of sc(U and water from sea-water. 

10. In both cases a change of properties in the substanceB 
miting with or separating from each ether is the characterntie 
feature (^ chemical action. Solida often become liquid or gaseous ; 
liquids again frequently become gaseous or solid ; and gases may 
be seen changed into solids or liquids ; while heat and light often 
appear as these new arrangements take place* 

It. Shake sand and water in a bottle; whenever the agitation 
seases Che sand fhils ; the water has no chemical action with it. 

12. Su^nd a piece of aqueous sulphate of copper (common 
^lue vitriol) with a thread in a beer-glass full of water. The par- 
ticles of both combme) and form a stream of blue fluid, whkh de» 



iceii^ from t1i# fMlnls wlieze tb(^ are in coi^act. The 9olid is 
wi&i to be bissoltsxi. The eoB^ound U called a goiiVTioir ef 
thesdld. 

13. Put a piece of an iron-boep, 9 few inches in lengtb> into any 
glass-vessel, cover it with water, and pour.. upon it aqueous sul- 
phuric acid equal to l~6th of the buUc of water employed ; so 
powerful is the chemical action exerted, that the particles of iron 
are torn from each other, and combine with particles of acid and 
of oxygen from the waten Hydrogen, the other element of wa- 
ter, is disengaged in the gaseous form. 

14. Fill a beer-glass half full of water^ and dissolve In it 10 or 
12 grains of l^chromate of potasaa (a compound of chromic acid and 
potaasa), adding it la polrder. Biasolve as much acetate of lead 
(common sugar of lead), consisting of acetic add and oxide of lead, 
in another similar glass with water) filtering the aolutioa obtained, 
if it be turbid. On mixing the solutions, the chfomic acid and 
oxide of lead combine, and produce a solid compound which falls 
down,^and is said to be raEcivtTATXD $ the aostic aeid and jffh 
tassa unite and remain in solution. 

15. Put a table spoonful of* carbonate of soda (einnmon soda) 
into a large beer-glass, cover it with water^ and pour upon it 
aqueous sulphtnic acid (oil of vitriol), as long as gas escapes. The 
chemical action consists in the union of the particles of the sul- 
phuric acid and the particles of the soda ; carbonic acid, the other 
ingredient in the carbonate of soda, -being expelled with effzh* 
▼EscENCE : this term is appHed viheaerer gas escapes rapidly from 
any Kquid. 

16. Mix intimately two or three gndns of chlorate of potasia 
with an equal weight of sugar, and touch the mixture with a glasa 
slip previously dipped in aqueous sulphuric add. It causes dilo- 
rine and oxygen to escape from the chlorate, which immediatelr 
Inflame the sugar. 

17- All substances, whether constituting the solid parts of the 
globe on which man dwells, the water of the ocean, the ah* which 
he breathes every moment of his life, the food with which he is 
nourished^ the apparel with which he is clothed, the fud with 
which he is warme^ or any of those numerous objects that minic^ 
ter to the wants, to the comforts, or to the elegancies of life in 
every civilized society, — ^in short, aH bodies with which man is 
acquainted being constantly sutgect to a Variety of chemical 



6 CHEMICAL EQiriTALEKTS AKD VTMBOIiS. 

- before it can produce, or can be resolved into, tliose 
placed alter it. 
II. Each dot prefixed to a sjmbol indicatea 1 equivalent «f 
oxygen. A dot ia frequently used instead of O for oxy- 
gen. 
III. Compounds are represented by the symbols of their ele- 
merit : SFe ss Sulpburet of In>n, c6mposed of sulphur 
[ andiron. [ [ 

\y. A figure prefixed to any symbol Qr symbols multiplies all 
• that foUow, unless a new sign intorvene: 2*H:S te 
2H+2:S. 
V. A sm<lll figure placed afler any symbof indicates that it is 
to be multiplied, and it does not refer to any other sym- 
bol, thus: H«C «= 2H+C. 
VI. Parentheses are often used in representing complicated 
combinations : (2HC*N+C'NF«)+2'K » Ferropnisab; 
' Acid + 2 potassa. 
TIL A figure prefixed to any symbols placed between paseii- 
. theses multipliea them all, whether .signs intervene or 
not I 2(2:S+«K) . 4:S4-2«E. 
Till. In the symbolic and diagramatic illustrations & is nsed to 
signify a substance added to another, but + is placed be- 
tween substances already in combination. Thus, :S&*K 
signifies that sulphuric acid is to be added to potassa ; 
but •: S+'K means sulphate of potassa, or sulphuric acid 
already combined with potassa. 
IX. Many' vegetable acids are represented most conveniently 
by italic capitals, adding some succeeding letter where 
more than one have the same initial letter : 

A, Acetic, Ct Citric, P. Prussic, 

B. Benzoic, G. Gallic, T, Tartaric 

S3. AH cases of chemical action represented symbolically should 
be extended on a slip of paper (or on a diagram-board by the 
teacher) in the following manner, as the best mode of enabling the 
student to become familiar with the changes which take place. I 
have been led to propose this mode of illustration, as being better 
suited to the present state of the science than the diagrams for- 
merly used, and as numerous trials have assured me that the sys- 
tem of diagrams I have endeavoured to introduce has facilitated 
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Cbc studj of ifll Wbd 1XKV6 hsd «b upptntaaky «f bw c miag ae» 
qnaiDted with them. 

34. To the left place the names or symbols of the substances 
•mplojped. Arrange, m the next place, the names of the compo- 
sent parts under each other, or of the different matters that are 
separated as the action proceeds. Lines traced from these, and 
uniting in a point, indicate those materials which comUne. The 
lines are dotted when the products are gaseous, composed of small- 
er lines where thef are liquid, and plain wliere thej indicate the 
liroduction or separation of any solid substance. 

25. For example, when sulphureted hydrogen decomposes car- 
bonate of lead (carbonate of oxide of lead), the sulphur in the sul- 
phureted hydrogen combines with the lead, the hydrogen unites 
with the oxygen in the oxide, and carbonic acid escapes front the 
carbonate. The following line explains the same action symbo- 
lically t 

:CPb&HS » SPb&H&:C 

In the dii^pmrn It assumes the following form t 

ICatertels ine4. Compodtion. PtoOaeti, 

Carbonate 5 Carbonic Acid 2t. _«2 Carbonic Ac. 

^^^^ iOx. Lead { ^^^ ^^« ^ W^**'- 



Sulphureted HydrogcaJ^^Jj;; 1 J;^;^^::^::^i20 Sulph. Lead. 
The above may also be represented in the following manners 



In studying the composition and properties of many compounds 
containing gases, it is necessary to become acquainted with tlie 
bulk which their elements occupy as well as their weight. The 
following Table should be frequently referred to, as it shews the 
composition by weight and by measure of the most important 
gaseous compounds. When the titles to the different cc^umns 
are eairefUUy studied, there will be uo ^^iffi^n^ty in understoudicj^ 
the table. 



fr 



STMBOU AKD COMI>OCKD8, 







■" 




CoropcwitkA of th« jmcedlng Con- 








It 


pounds by weight and by mcBnire, 








wUh the lyittfacd* of tbtt OMnponent 


Symbob. 






parts. 


i 


i 


i 


f 




1 


4 








^ 


If 


1 


1 


1 




1 


X 


1 


H 


Hydrogek 


1 


a 












O 


Oxygen 


8 


a 
















•« 


Oxide of Hydrogen 


9 


C 


O 


8 


C3 


+ 


H 


1 


□ 


N 


NlTROOEK 


14 


D 
















•N 


Oxide of 


22 


D 


o 


8 


□ 


+ 


N 


14 


D 


:N 


BiiiGxide of 


30 


m 


o« 


16 


B 


+ 


N 


14 


D 


:N 


Hyponitrous Acid 


38 


? 


0» 


24 


Bz: 


+ 


N 


14 


D 


•IN 


Nitrous Acid 


46 


D 


o* 


32 


EB 


+ 


N 


14 


D 


:!N 


Nitric Acid 


5i 


? 


o* 


46 


FFh 


+ 


N 


14 


D 


•N« 


Atmospheric Air 


36 


rrh 


o 


8 


a 


+ 


N 


28 


cn 


NH' 


Ammonia 


17 


m 


H' 


3 


CDD 


+ 


N 


14 


D 


S 


SUX.PHU& 


16 


D? 
















:S 


Sulphurous Acid 


32 


D 


o« 


16 


D 


+ 


S 


16 


D 


iS 


Sulphuric Acid 


40 


? 


O' 


24 


EtD 


+ 


S 


16 


D 


HS 


Sulphureted Hyd. 
Bisulpbureted Hyd. 


17 


D 


H 


1 


D 


+ 


s 


16 


D 


HS« 


33 


? 


H 


1 


a 


+ 


s* 


32 


m 


P 


Phosphouvs 


16? 


D? 














. 


HP 


Hydruret of 


17 


? 


H 


1 


a 


+ 


p 


16 


n 


C 


" Carbon 


6 


D? 










c 






•c 


Carbonic Oxide 


14 


a 


O 


8 


CD 


+ 


c 


6 


D 


:C 


Carbonic Acid 


22 


D 


o» 


16 


B 


+ 


c^ 


6 


D 


C*H 


Bicarburet of Hyd. 


13 


? 


H 


r 


D 


+ 


c 


12 


n:' 


HC 


Hydruret of 


7 


a 


H 


= 1 


D 


+ 


c 


6 


D 


H*C 


Bihydruret of 


8 


a 


H« 


2 


m 


+ 


c 


6 


D 


OC«H3 


Alcohol 


23 


D 


2HC 


14 


B 


+ 


•H 


9 


D 


OC*H* 


Sulphuric £ther 


37 


n 


4HC 


28 


BB 


+ 


•H 


9 


D 


C«N 


Cyanogen 


26 


D 


N 


14 


D 


+ 


c« 


12 


OD 


HC«N 


Hydrocyanic Acid 


27 




H 


1 


D 










CI 


Chlorine 


36 


n 
















•:C1 


Peroxide of 


66 


m 


O* 


32 


m 


+ 


CI 


36 


D 


t;Cl 


Chloric Add 


76 


? 


0* 


40 


bth 


+ 


CI 


36 


D 


HCi 


Muriatic Acid 


37 


m 


H 


J 


D 


+ 


CI 


36 


D 


I 


Iodine 


124 


G 
















::I 


Iodic Acid 


164 


? 


o« 


40 


FFh 


+ 


I 


124 


D 


HI 


Hydriodic Acid 


126 


m 


H 


I 


D 


4- 


I 


124 


□ 


Br 


Bromine 


76 


D 
















HBr 


Hydrobromic Acid 


76 


m 


H 


1 


D 


4 


Br 


75 


a 



CRTftTAIXISATION* 



' IsieehwiDCOBteiMtlMi^nbQkofUiecoffipQviida. j 

2d colttmn contains their names. ^ 

^column contains the weight of an equivalent quantity of 



i 

4tfa column contains the hulk or measure of the weight referf 
red to in the preceding columns^ hjdrogen heing taken as a standi 
ard of comparison. The square figure represents a whole mea« 
sure, and the others indicate proportional quantities. Thus, in 
reading the third Une, we saj << *H is termed ojdde of hjdrogei\ 
(water), its equivalent weight is 9, which corresponds with on^ 
measure." 

Lastly, the remaining columns indicate the quantity by weight 
and by measure of the elements, in the proportion referred to ii^ 
the preceding columns ; the rest of the third line is therefore read 
in the following manner,—'^ behig composed of oxygen 8, or half 
a measure; 8 parts of oxygen filling the measure half full, whllci 
one of hydrogen, which is so much lighter, fills it entirely.*' 
Though the equivalent by weight of a compound is found by add^ 
ing the equivalents of its elements, the corxesponding bulk U ofteii 
less than the bulk of both separately, the particles packing as iti 
were in less space when combined. 

CHAP. IIL— CRYSTALLIZATION. 

26. In many chenrical operations, bodies are often procured in 
regular symmetrical forms, termed c&tstals ; and the process by 
which they are formed is called c&tstallizatiok. Crystals are 
generally procured in one of the ibllowing modes : 

I. By melting solids, or converting them into vapour by the 
application of heat, allowing them , to return slowly to 
the solid form. 
IL By slow deposition firom fluids in which they have been 

dissolved. 
27* Melt 20<K) grains of sulphur cautiously in a flask, remove 
the heat, pour out half the liquid when the other has consolidated, 
snd observe the crystals of sulphur. 

28. Put alum into 8 or 10 ounces of water at a boiling heat, in 
a glass or earthen vessel, addhig it so long as it is dissolved. AU 
low the liquid to cool ; crystals are deposited. Hot liquids dis% 
solve more of most substances than those that are cold, and if 
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chained with sb imidi «8 poaribie wlwn wariBy |Brt is dq^odteAtm 
cooling. 

29. Expose a sdnlion of oxslie add or glavber aatt to the air Jar 
some days on a shallow plate ; the water is in part slowlj te* 
moved, and cr^^'stals qipeas. By xedtMing these swhstaBces to 
powder, and shidciBg theiD with water so kag ^ aaj is diasobred* 
a solution is nery (flAAlj proeared. 

3d. Boil irater hi a ^Ms-flaak or inm-goUety and add swlphttte 
«f soda so long as any is dissdTtd ; pour the soIotioB into a phial 
irhkh it completeljr fills, and cork it tightly. No eiystaUizatiaB 
ensues when it is cold, hut if the cork be then removed, crystal* 
fizotion intme&tefy cbmsieBeea. if tlieahr be not excluded as the 
station in the bottle cools, it cryatalliros in the usual manner. 

31. Heat a timud inm-plate befrre Che fire^ or over a lamp, 
i^U it is as warm as may be necessary to cause water dropped upon 
It to evaporate quIcUy wi£h a aliglk hissing noise. Let the tin 
with which the iron is coated be then washed with a cloth, weU 
moistened with « mizticn eompeaed of water I '«iince, muriatie 
acid 1 -dram, and nitric acid 1 dntra. The cold fluid causes the 
hot tin suddenly to assume a crystalHiie ft>nn, and as the acids act 
upon the external particles of the tin, and expose those below, 
the crystalline arrangement is beautifully seen. When varnish- 
ed, it retains its lustre; the varnish may be coloured of any tint 
that may be required. 

32. Crystals and other solid substances which attract moisture 
from the air and become fluid, axe said to DSLiauEscE ; those 
that lose moisture under the same eircumstancea^ and assume the 
appearance of a powder, are said to EFVLoaEscE. 

CHAP. IV.— HEAT OR CALORIC. 

33. Chemical actioa being affected pow^fuUy by heat, it is ne- 
cessary to attend to its influence before entering upon the history 
of individual substances. Light and electricity also afiect chemi- 
cal action. 

34. All the effects attributed to heat in common language^ are 
produced by its entering and attaching itself to the substance af- 
fected, while those which are said to be caused by cold, arise in 
reality from a portion of heat leaving those substances with which 
It has been associated. 
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. 9^ N» unelas hem ible to ofltteet Imt and diew it f)y Itself; 
•ooner or Ister k cb& penetrate eveiy thing with which it may be 
ftuanoiuded. It is known only by its «i&cts, md i» conddered a 
peculiar fluid, easily thrown into vibratory movements. 
. S«. Heift tends alwa^ to pass from ibe h(A«or to the colder 
si^stance^ till they aequiee tiie same eondition in this respect, 
when they are aaid to Jtttain an zaini.iBBiuK of temperature. 

37* The TXKFKAJenrnz of any aolstance indicates Its disposl- 
t ien to conrniunkate l>eait to, or zemore it lh>m, any standard of 
comparison $ if tiie tempemtQie of the body be taken as a standard 
of compariaon, those substanoes at a higher temperature commu- 
nkate heat to It, whirle f^ose at a lower temperature remove heat 
framit. 

3a The priadpal sffccts pnodaeed by cjaokic are expan- 
sion, liquefaction^ va^aneatioay craporatieiB, and ignltioB. 

£xPAMHOii«^Bodiei^ with few exoeptiaiii, are expanded by 
heat; gases expand meat, liqvida cone i^xt, and aoBds last of alL 
When healed fimn 8S to Sit, air ocprada S-Mis of its volume, 
alcohol iL.4Kh, wtater J..-S2d, and hsmaaeaed inm 1..273d. 

3a MeasiweUieJeagth^of a cald iroa-vod or bar; heat it to red. 
n«ss, and it wiil be fimnd kngev. 

40. Fill a long Burov-BeclDed flask nearly Ml of alcohol, and 
put it into boiling water; the alcohei as it expands lises in the 
neck of the flask. 

41, Four boiBng water upon the same fla^ full of air, after in- 
verting it in water ; it may be snpported Pig* 4. 
or steadied in this position by a ring ^ I 
the retort atand ; part of the expanded 



air is expelled; and water is forced back / » — ^ "^ 

by the pressure of the sar to supply its 
place, when it again beoemca cold. 

42. ExcxFTiovB. — ^Water contracts as 
it is heated from 32 to 39}. Many so- 
lids contraet as they are melted by heat, 

expanding again as they become soHd, 

as ic^ iron, antimony, bismuth, and many salts. 

43. The communicatien of heat causes expansion to take place 
with gi?eat ibroe ; iron-bars, for instance, offcen cause rents in fur- 
naces as they expand. A tough solid, such as iron, contracts with 
great force on cooling. Water, and other melted solids, expand 
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with great power aa thejr become solid, buxsting the vea$e\B oon. 
tainiug them when thej are not allowed to escape in part by any 
aperture. A phial full of water, and corked tightly, bursts as it 
is frozen. 

44. The oommon ^ tbermombtzk" contains a fluid whidi in* 
dicates the communication of heat, by expanding and Fig. ft. ' 
rising in the stem, and the removal of heat (cold) by con* 
tracting and descending. Thermometers are graduated, 
and made to correspond with each other by observing the 
different points to which the fluid rises in freezing water 
and in boiling water; the space between these is in this 
country usually divided into 180 parts, 32 being placed 
opposite the point where the water freezes, and 212 oppo- 
site the point where the fluid stands when the water boils. 
Similar spaces are marked off upon the stem above and 
below these points, and numbered accordingly. It was at 
one time imagined that the greatest cold could make the 
fluid fldl only 32 such spaces below the freezing point, the 
place to which it then fell being termed zero, and the 
notation commencing there. But much greater degrees 
of cold exist at different parts of the globe in winter, and 
may be produced artificially, so that the fluid in the stem 
of the thermometer often descends below that point, and 
is then said to be at so many degrees below zero. 

45. liiQUEFACTioK.— Heat is considered capable of 
melting all solids which it does not previously decom- 
pose. When any solid melts, much heat is required to 
effect this change in its form after it arrives at the melt- 
ing point Pour some boiling water upon ice at 32 ; the 

ce melts rapidly, but the water produced is no warmer 
than the ice; the heat is consumed in melting the ice. 
Pour boiling water upon ice-cold water, and the tempera- 
ture is immediately increased. 

When a fluid becomes solid, it gives out without cooling the 
heat which had rendered it fluid ; the change proceeds slowly, as 
so hrg^ a quantity of heat must be withdrawn. As much heat 
is required to melt ice, as would raise the temperature of an 
equal weight of ice-cold water by 140 degrees ; it melts, according- 
ly, with extreme slowness. 
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CHAP, V VAPORIZATION AND SPONTANEOUS 

EVAPORATION. 

4G. Vaporization signifies the rapid production of a thin va* 
pour, as when water is boiled and produces steam. (See 1.) Wa- 
ter boils at 212, and does not become wanner as it boils, the heat 
applied being consumed in producing a change of form. 

47. Hence, it is not economical to boil any substance quickly 
which maj only require exposure to a boiling temperature, as all 
the heat that may be consumed in producing the vapour must 
cause an unnecessary expenditure of fuel Put a thermometer 
into water, mark where the fluid stands in the stem as the water 
boils, and observe that it rises no higher, however long the boiU 
ing may be continued. 

48. As much heat is required to produce steam from boiling 
water, as would elevate the temperature of an equal weight of 
boiling water by. 1000 degrees, were it still to remain fluid; and 
steam, though it contains so much heat, is always at the same tem«^ 
perature as the water from which it rises* 

49. Steam is transparent, colourless^ and invisible, like the air. 
The white cloudy-looking matter usually called steam, is moisture 
produced by the condensation of steam. Steam occupies 1696 
times as much space as an equal weight of water, and as it ex* 
pands with great force, it' often bursts and destroys vessels in which 
it is confined. When the power with which it expands is care- 
fully regulated, so as to produce motion in machinery, it forms 
the most powerful engine man has invented, viz. the steam-engine. 

50. When steam is, exposed to cold, it condenses into water, 
giving out all the heat by which it was produced ; and hence the 
severe burn it produces when condensed on any part of the body. 

51. Boil a small quantity of water in the flask represented in 
fig. 4. ; put in a cork when the air is expelled, and open the flask 
cautiously under water ; the steam, which previously nearly filled 
the flask, being suddenly condensed, the pressure of the air forces 
up water to supply its place. 

52. Water boils at a lower temperature than 212, when the air 
is not allowed to press upon it ; All the flask already alluded to 
(fig. 4.) one-half fiill of water, boil it briskly, and cork it while the 
steam is escaping^ removing the heat immediately. The cold air 
condenses the steam, the cork prevents the air firom entering, and 
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the water thus reUered horn pzefsure bcgiiui to boil, the heat al- 
ready in it being sufficient for that purpose. Put the flask into 
cold water ; the ebullition then increases, the steam being still 
more effectual^ condensed* Put the flask into boiUng water, the 
steam being no longer condensed presses upon the water, and pre& 
rents it from boiling. 

53. If steam be not allowed to escape, and heat be continually 
•applied by the fire, a higher and higher temperature is required 
o make the water boil, and the steam formed acqtdres more and 
more power, each successive portion compressing much ef what had 
been already formed. It i& then caQed high prsssurs steam^ 
as it presses upon the sides of the boiler with great force. Boilers 
in whkh such steam is produced ought always to be provided with 
valves which the steam can push open, and by which it may esci^ 
before it becomes strong enough to burst the boiler. 

64. Pig. 6. is a section of part of a boiler where the safety .valve 
is placed, the valve being loaded with a weight which the steam 
can raise before it acquires strength to burst the boiler* In ex- 
amining the construction of boilers, the different parts noted in 
Fig. 7* should be attended to : a, b, the body of the boiler, filled 
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with water anditeam ; «^ a |»]ie by whkh water ii Ibroed into tii0 
boiler ; d, the steam-pipe ; e, a glass tube or gauge placed so that 
the steam and water can enter &eely into it, the water being aL 
ways at Uie same height in it as in tiie interior of the boiler ;/, a 
two pi^ea pkeed to that the quantitj of water in, the boiler maj 
be ascertained, when the g!a8» tube is not used i if water.aaiBA 
from both, on opening the slopcecks^ and when there is abundance 
of steam in the interior of the bcnJer, there is too much water, anA 
if steam be disengaged from both, then there is too little; the 
bo.ler should be charged so that one gives steam and the ethor 
water, the level of the water in the boiler being between the ex. 
tremitiea of the tubes where thej terminate in the boiler : «, a 
thermometer to indicate the temperature of the water. 

66. I>^tiUati<Nti consists in the productien of vapour bj heat^ 
which is afterwards condcaised. The 
▼easel in which the vapour ia pre* 
diiced ifl called a Bstort ; that in 
wfakb the condensed vapour is col* 
lected must be kept cold, surround, 
ing it with a eloth» and moistening 
it with water; it is tensed a £e- 
C£ivxa. Fig. & represente a retort and a receiver. 

56. When a large quantity of 
fluidia to be distiUed, it is in. ^^'^ 
treduced into a veasel called a 
Sti^l, the pipe from it leading 
te a vessel termed the Rsrnx- 
GEBATOBT, ss it Is filled with 
cold water ^ in it the vapour is 
condensed. 

57. Spovtakkqus svafo&a. 
TioN is the term usually em. 
ployed when vapour is produced 
slowly from a fluid, and with- 
out ebullition, as when water 
disappears from any moist surface. Water evaporates in larg^ 
quantity from the sur&ce of the ocean, and from the earth also, 
eventually producmg the clouds^ or condensing in the form of 
rain and dew. Snow la formed when the vapour is frozen at 
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once, tnd bail when rain is first produced, and then congealed by 
the cold. 

^ 58. Evaporation is always accompanied by the production of 
cold, when no heat is directly applied ; the heat necessary for the 
production of the vapour is then derived from surrounding ob- 
jects. 

59. Pour some ether or any other volatile finid on the back of 
the hand ; g^at cold is perceived as it evaporates. If we blow 
tipon it, the vapour resting on the sur&ce is rapidly removed, 
evaporation proceeds more quickly, and a more intense degree of 
cold is perceived. 

• 60. Evaporation proceeds more and more quickly the higher 
the temperature ; the greater the extent over which the evapont. 
ting fluid is spread, the less the pressure of the liir, and the nearer 
the evaporating substance approaches the boiling point. At the 
summit of high mountains, where the pressure of the air is leas 
than at the sur&ce of the earth, water boils at a lower temperature 
than 212 ; it is there above a large portion of the air which presses 
upon the surface of less elevated regions. 

61. A current of air, wheii not loaded with moisture, promdtes 
evaporation ; hence the rapidity with which a wet surface gene- 
rally dries on a windy day, the vapour resting upon it being 
pushed away, and a new portion rapidly formed. 

62. Moisture is separated from the air in which it is difinsed 
bv a reduction of temperature. Sometimes it forms innumerable 
small vesicles ; the mode of their production is not known. When 
they are associated together in large quantities, they produce 
clouds. The water evaporated from the surface of the ocean, &c., 
being purified from the materials with which it may have been 
mixed at the surface of the earth, and falling down afterwards in 
the form of rain, hail, snow, dew, or hoarfrost, becomes fitted for 
the various purposes for which it is so necessary in the animal 
and vegetable kingdoms. 

63. The nearer the equator, the greater the annual fall of rain, 
and the less the number of rainy days. At Granada, 12 north 
Lat., the rain which falls annually would cover the surface to the 
depth of 126 inches, were it all to be deposited at the same time. 
In this country, it is calculated that the annual fall of rain would, 
on an average, cover the sur&ce to the depth of 32 inches. 

64. IxcAMDSscEKCE— -All sollds and fluids, which are not con* 
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verted into rspour at a less elevated temperatttre, become lumi- 
nous when heated to 800, in the dark, or when* heated to about 
1000 in daj light. A red light appears at first, and gradually 
passes to a white as the temperature increases. Thiff is observed 
equally in combustible solids, as charcoal, and in stony or other 
matters wliich do not bum ; thej are then said to be in a state of 
nrcAynsscEHcs or leirtTioir. 



CHAP. VL^-COMMUNICATION OF HEAT. 

65. Caloric is communicated by condvctioit and radiation. - 
06. When caloric passes slowly from one portion of matter to 

another in contact with it, it is said to be condvcteo, and tiie 
process is termed the conbuctioh of CALonic. Metals are the 
1)e8t conductors, then liquids, and lastly gases. Gold, silver, and 
copper are the best conductors among solids ; glass, bricks, and 
many stony substances, are very bad conductors; and porous 
spongy solids, as charcoal, hair, and for, are the worst. 

67. Put one end of an iron rod in the fire ; the heat soon passes 
to it and along its particles to some distance firom the fire. Put 
'a glass tube or piece of wood of the same size as the iron into the 
same part of the fire; the heat extends a very little way beyond 
the part touching the fire, both these substances being bad con^ 
dnctors. 

66. Clothing is generally made of bad conductors, that the heat 
of the body may not be conducted quickly to the surrounding air. 
Furnaces, where great heat is required, are built with porous 
bricks, which are very effectual in preventing the escape of heat ; 
but when a stove is placed in the middle of any apartment, the 
fuel is surrounded with iron, that the heat may be quickly con- 
ducted to the air. The ice in an ice-house is surrounded with 
blankets or straw, to prevent the warm air comtng too easily in 
contact with it. 

69. When heat is applied to the upper portion of any liquid^ 
expansion generally ensues, and it becomes lighter than the rest ; 
it remains, therefore, resting upon the colder and heavier part. 
^This may be easily shewft by boiling the upp«r portion of water 
in a long glass-tube, applying heat by a spirit-lamp. If the heat 
be applied near the bottom of the tube, the colder portion firom 
above soon sinks below the hot. expanded fiuid, and pushes it up, 
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to that currents are continuallj produced, till the whole fluid is 
heated to the same point. 

70. Similar movements take pkce in the air.— .See the section 
upon Carbon, where iUustrationa will be given of the currents 
produced in a common fire. 

71* Caloric is said to be badxated when it passes with great 
velocity from the sun, or from any warm body at the sur&ce of 
the earth, moving through space, or through the air. It is be- 
lieved in this case to move with the same velocity as light, viz. 
192,000 miles in a second. Caloric is also radiated from warm bo- 
dies that are not luminous, as from the hand, or from hot water. 

72. Sadiant caloric is absorbed when it falls upon bodies having 
painted or rough surfaces, such as are presented by bricks and 
other porous solids, by many kinds of stony matter, and numerous 
animal and vegetable substances, and elevates their temperature 
as it is taken up. But brilliant and polished metallic suriace^ 
absorb little heat ; they reflect or turn it back again. 

73. Take a piece of common tin-plate, and place it before the 
fire, it reflects most of the radiant heat, and becomes warmer 
with extreme slowness. Make the surface rough with a file o^ 
sand-paper, cover it with lamp-black, or black paint ; it now ab- 
sorbs heat quickly when exposed to the fire, and soon becomes 
jwarm. 

74. Those bodies which are most powerful in receiving radianj; 
heat when it falls upon them, are equally powerfiil in emitting it 
when they are warmer than surrounding objects. Thus, a vessel 
tvilh hot water, having a rough, porous, or painted surface, cools 
much more quickly than when the surflice is brilliantly metallic 

75. All bodies at tlie sur&ce of the earth lose heat by radiation 
in a clear evening; they radiate more or less heat according to 
the nature of the surface; those that radiate most become colder 
than the others, and on these more dew or hoar-frost is deposited, 
the air coming in contact with them being cooled to the greates|; 
degree, and unable, therefore, to retain all the moisture previously 
associated with it. The green leaves of v^;etables are powerful 
in radiating heat, and are accordingly covered with the dew du* 
Ting the night, which is so necessary tor plants whvn there is no 
zain. 

76. In a cloudy night, as heat does not escape by radiation from 
the surflice of the earth, the temperature never falls so much as 
in a cloudless sky*. 



CHAP. VIL—DISTRIBUTION OF CALORIC. 

' 77* Caloric is tin^qually distributed over the g^be. At the 
Equator the average temperature is 82} ; at the poles it is be- 
lieved to be about 13 below zera The higher we ascend in the 
air, the colder it becomes t the summits of very high mountains 
arc always covered with snow. The interior of the earth is ge- 
nerally believed to be at a very elevated temperature ; many con- 
sider the numerous volcanoes that appear at its surfiice to arise 
from a central fire. 

78. Caloric tending always to an equilibrium, the heat at the 
warmer portions of the surface of the globe is carried in part to 
those that are colder by currents in the air and in the ocean, so 
that the extreme severity, both of heat and cold, is thus mitir 
gated. 

79. The amount of cabric is not the same^ even in equal weights 
of different bodies at the same temperature ; as a wide jar requires 
more liquid to fill it to a certain height thai;i is necessary to fill a 
narrow jar to the same height, so> many different bodies require 
more heat than others to elevate Uieir temperature to a fixed 
point. Take a small jug of boiling water, and mix it with an 
equal bulk of cold water^ previously placed in a flask or basin, and 
examine the temperature with a thermometer Then mix equal 
bulks of boiling water and cold oil in another vessel, the tempera- 
ture of the mixture will be greater than before ; the heat which 
the boiling water loses elevating the temperature of the oil by a 
greater number of degrees than an equal bulk of cold water. 

80. Product lOK of High Tempe&atubss.— Heat is deve- 
loped principally by burning inflammable substances. (See Air 
and Carbon), It may also be excited by mechanical action and 
by electricity. A most intense heat is produced when the lays 
of the sun are collected by a burning-glass, which bend the heat 
passing through it in such a manner that much of it &lls upon 
one point. 

81. Hammer a piece of iron on an anvil, it soon becomes very 
warm. Kub a thin piece of phosphorus^ not greater than a quar- 
ter of a grain, with a piece of glass, after placing it in paper, it 
soon inflames when exposed to the air. 

82. PnosucTioK OF Low Tempxbatuass.— By placing vola- 
tile fluids where they evaporate rapidly, as in a current of air, 
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considerable cold is produced. Pour any volatile fluid on the 
hand, and blow upon it ; it evaporates vith great rapidity, pro. 
duciog cM as the vafMmr toned n^maret heat from the hand. 
See 58. and 61^. 

Again, lelida which are nendezed fluid without the application 
of heat become very cold. Mix two parts of snow or pounded 
ice with one of salt ; the mixture SQon becomes fluid, and the tern- 
perature falls 41 degrees bdow the freesing point of water, if 
large quantities be used, and the snow and aalt in a minute state 
of division. 

■ Mix 16 ounces of water witb 5 of nitre and 5 of sal-ammoniac 
1b fine powder ; the temperature falls about 40 degrees as the salts 
^UsBolve in the water. Bdl off the water, and collect the dry 
«ilt«, which may be used again and again fiir tlie same purpose. 

CHAP. VIII.— LIGHT AND ELECTRICITY. 

83. light is intimately associated with heat, and appears in all 
%olkls and liquids intensely heated. Light influences powerfully 
many cases of chemical action^ and appears frequently in nume.- 
ifous cases of combination and decomposition. 

All plants placed in a dark situation send out shoots to any 
opening where light may enter. 

. 84. To shew the influence of li|^t, on chemical action, add a 
few drops of a solution of the nitrate of silver to a glassful of a 
solution of common salt ; the chlorine, one of the elements of the 
salt, fidls down with the metallic silver, in the form of a white 
compound. Put it into a dark place, and it remains white ; but 
expose it to the ligbt of day, or to the direct rays of the sun, and 
it soon becomes dark. 

85. The tint of coloured bodies depends upon the kind of light 
emitted from them. The beam of pure white light was conader- 
•ed.by Newton to consist of sevens 4ifi^rent kinds of light united 
together, viz. red, orange, yellow, green, bluej indigo, and violet. 
Mahy now consider that it is composed of only three kinds of co- 
loured light, viz. red, yellow, and blue^ as all other tints can be 
'produced by t^em. . 

86. Clothing of different colours attracts odorous msLtters with 
*^6ei«nt dicgrees of power. Tiie darka: the tint the greater the 
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power of attraction, and the longer is the odcHrous matter retained. 
(Dr Starir.) 

87- Besides beat and light, another power, viz. Electricity, 
acts with great energy upon all kinds of matter. There is no 
substance with which man is acquainted that does not contain it, 
and it is continually set atf liberty in numerous cases of chemical 
action, or taken up in others, according to the nature of the 
changes that ensue. When accumulated in large qutotity, and 
discharged from one kind of matter to another, as when it passes 
from the clouds to the earth, it produces thunder «nd lightning. 
On a smaller scale it is produced by the friction of different sub- 
stances with each other, or by the chemical action c^ acids on me- 
tals, when it may be made to produce a number of chemical 
changes, by passing it through the materials to be affected. It is 
usually termed Galtakism when produced by chemical action. 

6& Rub a large stick of sealing wax briskly with a silk hand-^ 
kerchiei^ electricity is produced, and light substances, as a feather 
or a small piece of paper, are attracted by the wax. If the expe- 
riment be performed in a daric room, small sparks of electricity 
may be observed on approadixng the finger to Uie wax. 

89. Procure twelve plates of copper and twelve plates of zint, 
place them in the order Fig. lo. 
represented, with a piece 
of cloth between each 
pair, the upper and lower 
plates having copperwires 
soldered to them, tipped 
at the extremity with 
small wires of platinum. 
T^e piates need not be 
more than two or three inches in diameter, and the cloth must be 
moistened with a liquid, composed of 1 part, by measure, of sul- 
phuric acid, 2 of nitric acid, and 60 of water. The whole of the 
apparatus may be placed in a small plate or basin. Sometimes 
each zinc plate is soldered to a copper plate ; they can be ar- 
ranged more conveniently in this way than when separate. 

90. Place any of the following substances in solution upon a 
small slip of glass or paper; a drop of the solution will be suffi- 
dent. The platinum extremities of the two wires must be dipped 
into the solution, but not so as to touch each other. The eleOii^ 
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city is developed as the acid fluid in the cloth acts upon the zinc, 
accumulating in one of the wires and passing to the other, the 
materials in the solution being afTected as it passes through ihem, 
and decomposed. 



Materials used. 
]. Sulphate of soda, composed 
of sulphuric acid and soda, 
resting on cabbage-paper. 

.2. Iodide of potassium, com- 
posed of iodine and potas- 
sium, mixed with a little 
starch. 

3. Acetate of lead (common su- 

gar of lead). 

4. Sulphate of copper. 



Products. 

The acid accumulates at one 
wire, and reddens the pa- 
per ; the alkali at the other, 
and turns it green. 

The iodine is immediately 
separated, and forms a blue 
compound with the starch* 



3. Metallic lead is depoa&ted in 
small crystals. 

4, Metallic copper is deposited 
in the same manner as the 
lead. 

91. Put a tea-spoonful of sulphate of soda into a cup, and dig. 
solve it in hot water; pour a little cabbage-blue (see Colouring 
Matter) into the solution, and put a portion into two glasses, con- 
necting them, as represented in fig. 1 1, Fig. li. 

by a piece of linen or cotton cloth, pre- 
viously moistened in the same solution. 
On putting one of the wires into each 
glass, the acid accumulates in one, 
turning the blue to a red, and the al- 
kali in the other rendering it green. 
If the wires be now reversed, the acid 
accumulates eventually in the glass where the alkali appeared, 
while the alkali passes to the glass where the add was. 

92. Moisten the fingers with the diluted acid used for the cloth, 
and hold one wire in each hand ; the electricity is felt feebly as it 
enters the fingers, and passes through the body from one wire to 
another. With a latge apparatus, the most violent convulsive 
movements, and even death, may be produced. 

93. Electricity passes readily through metals and charcoal, and 
is attracted by all pointed objects in great quantity. Hence, in a 
thunder storm, all elevated situations and metallic bodies should 
be avoided ; it is dangerous also to be near trees, as the electri* 
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city frequentl> passes down br them to the earth. Pointed miv 
tallic rods are ofleu attached to buildings, descending into the 
moist ground or into a well, that the electricity may pass by them 
into the earth. The safest place in a thunder storm is the middle 
of an open field, at a distance from all high objects ; or at home, 
in the middle of a room, away from the walb, the chimney, and 
the window. 



CHAP. IX.— WATER AND ITS ELEMENTS. 

' 94. Water, or oxide of hydrogen, is composed of hydrogen 
1 + 8 oxygen. Equivalent 9. W, of 1 cubic. inch, 252.458 grs. 
For the action of heat upon it, see Lique&ction and Vaporization. 
' 95. Transparent, colourless, tasteless, and inodorous, when pure, 
leaving no residuum when evaporated to dryness. Its compounds 
are termed hydrates or aqueous combikatiovs. Dissolves 
numerous vegetable, animal, and mineral substances ; is decom- 
posed in many cases of chemical action, affording oxygen or hy* 
drogen to the substances which aftect it. Absorbs or condenses 
many gases, most of which are expelled on boUing. 

96. PiTRE WATER, for chemical purposes, is prepared by distil- 
lation (see 55.), as it is no where obt^ned absolutdy pure in na^ 
ture ; the impurities remain in the retort or stilL Rain and snow 
water are the purest natural waters ; even these must be boiled to 
expel air, when water is required absolutely pure. 

97- Spriko water is not so insipid and tasteless as distilled 
water, containing portions of air, as well as saline or earthy mat- 
ter which it may have dissolved while flowing in contact with va- 
rious rocks and minerals. River water Is similar to spring wa- 
ter, but oftener loaded with impurities. Well water is still 
less pure. Water is said to be hard when it is so loaded with 
foreign matter that it decomposes soap, producing a curdy preci- 
pitate, so that it is unfit for washing, or for dissolving many sub- 
stances in daily use. 

' 98. Mineral waters include all those which «re so charged with 
foreign matter as to acquire peculiar properties. The following 
are the principal varieties of mineral waters, and their properties 
should be studied along with the properties of those substances in 
which they abound ; these are printed in italics, and by referring 
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to them ts tbey are described in micoeediiig cfaaptera, the tests by 
which thej are distinguished will be seen« 

I. Acidulous nuneral water abounds in etarhomow^ 
II* Su<.PHu&£ous mineral water cQatB^x»awJphuTei§dhjfdroge^u 
IlL Salike mineral water contidns principally mdo, Ume^ ix maff' 

ntma, united generaUj with iuiphurie and nrnriaiie amds, 
IV. Chalybeate mineral water contains tron, united with 
sulphurie or carbonic aekU 

99. To acquire at once a general knowledge of the properties 
of any water, the following experiments may be tried: 

I. Evaporate a drop on a flat slip of glass, holding it before 
the fire, or above a small lamp or candle. Small rings 
only appear wliere the water rested, if it contained only 
a minute quantity of foreign matter; but a crust is seen, 
if it be loaded with saline or earthy matter, and the crust 
has an ocfary tint, if iron be present. 
IL Pour s(Hne of the water into a wine glasa^ and add a solu« 
tion of litmus ; it is reddened if any acid matter be jNPe* 
sent. 
III. Mix another portion with a little soap; a curdy matter 
sppetm if it abound in earthy matter. 

OXYGEN. 

100. This element is a gas. It is 16 times heavier than hydro- 
gen, and forms more than one-half of the globe, constituting 8 
tons in every 36 of air, 8 in every 9 of water, nearly a half of the 
more abundant earths^ silica and alumina, besides being found in 
almost all vegetable and animal matters. It received the name ot 
oxygen from Greek words^ signifying to produce a sour substance, 
many of its compounds being acid. 

101. OxiDss are compounds of oxygen which are not acid. 
OxiDATiojr signifies the union of any body with oxjgen. Sub- 
stances which communicate oxygen with facility to other matters 
are called oxidatikg agents; the principal are air, water, and 
acids and salts containing oxygen. Deoxidating agents in- 
clude those substances which are powerful in removing oxygen, 
as carbon, hydrogen, phosphorus, iron, and many other metals. 

102. Oxygen is particularly distinguished by its power of sup- 
porting combustion ; all inflammable substances burning brilliant* 
ly in it. Introduce a wooden match red hot at the end into ajar 
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of ozygem or a suspended cmdle (fig. 12.) with the wkk Yed« «( 





burns brilliantly, and the flame is rdcindled. In all < 
where ordinary inflammable matter buras, it aets upon 
the oxygen which is contained in the air, and combmee 
with it The inflbunmable matter is not lost or destroy- 
ed, but often becomes invisible lilce the air itself as it 
forms gaseous ccunpounds. 

103. PREPA&ATioir. — ^Binoxide of nMUiganese is heated to red«> 
ness in an iron bottle placed in an op^i fir^ or resting in a liiiw 
nace, as in the annexed cut, flg. 13. The botUe should be laift 

Fif^XS. 
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enough to contain several ounces of the binoxide ; and the oxygen 
which is not required for immediate use should be collected. in 
beer bottles previously filled with water, and employed afterwards 
as it may be required. The bottles should be corked under wa- 
ter, the corks being afterwards covered with lard, and a piece of 
cloth tied round them. 

104. The fumace represented here is of a form extremely con- 
venient for numerous operations ; and, where the vent is exposed 
on every side^ other furnaces may be placed around it. The area 
for the fuel may be made from 9 inches to a foot square, and the 
small chinmey from 5 to 6 inches in diameter. A front view is 
given in fig. 14, to shew the manner in which the bricks are ar- 
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Fig. 14. 



tanged in gmall pieees, so as to be taken out and adjusted accord* 
ing to the experiment to be per- 
formed. The chimney worics well 
when it is 9 or 10 inches square, 
aqd about 10 or 20 feet high. A 
shelf is placed before and below 
an aperture in the chimney ; and 
when it is required to cany off 
fumes from any mixture, the ves- 
sel ia placed in the same situation 
as the flask, the plug bdhg re- 
moved from the aperture, which 
is at other times closed. 

105. When the binoxide is heat- 
ed in the furnace^ 88 grains give 
8 of oxygen, and every grain may 
be considered as equal to 3 cubic 
inches of gas. 

106. Where there is no oppor. 
tunity of operating with a fur- 
nace, 1000 grains of the binoxide 

in fine powder may be mixed in a retort with an equal weight 
(about 14 ounces by measure) of aqueous sulphuric acid; in this 
case every 44 grains give 8 of oxygen ; but this operation is not 
so well adapted for preparing a large quantity of oxygen. The 
retort must be heated by a chauffer or lamp, and the heat with- 
drawn whenever the gas ceases to escape, otherwise the water 
might pass into the retort and break it, being forced up by the 
pressure of the air as the gas still in the retort cools and contracts. 

107. The trough (fig. 15.) is usually made of wood or tinned 
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Fig. 17. 



Fig. 18. 



iron, about 94 inches long, 12 broad, and 8 deep. The shelf and 
moTeable stool may be made 7 indies high. Fig. 1. p. 2. shews a 
section of the trough without the stooL 

108. Tin trajB (fig. 16.) or small plates are pkced below the 
jars of gas under water, when they are to be remored p, |^ 
from the trough, and used for experiments. The jars * 
or bottles used for collecting the gas must always be 
filled with water to expel air, before any gas is col- 
lected. 

109. Jars of the form fig. 17, are often used to transfer oxygen or 
other gases to a bag or bladder, ad- 
justed mutually to each other by 
moveable connectors. The jars 
being filled with gas, and then de- 
pressed in water, the gas is forced 
into the empty bag, which is slowly 
distended. The bag having been 
withdrawn, a nozzle is fitted to it, 
by which the gas can be directed up* 
on any object when it is compressed, 
fig. 18. 

HYDROGEN. 

'110. Hydrogen is a gas, and the lightest of all known sub- 
stances; it is nearly 141 times lighter than air; 100 c. i. weigh 
only 2 grains and a fraction. Its name is derived from (wo Greek 
words signifying to produce water, as it is formed when I part of 
hydrogen imites with 8 of oxygen. * 

1 1 1. Hydrogen constitutes 1-dth of the water of the globe, and 
is also found in almost all animal and vegetable substances. 

112. Prepaiiatiov. — Put 500 grains of zinc in fragments into 




a common beer-bottle ; pour upon them 3 ounces 
of water, and add 5 drachms of aqueous sulphu- 
ric acid. The acid, the oxygen of part of the 
water, and the metal, combine, producing sul- 
phate of zinc; the hydrogen is disengaged, and 
may be collected at the pneumatic trough in 
jars; a cork with a bent tube is adapted to the 
neck of the bottle (fig. 19.) to convey the gas to 
the jars, which can be arranged as in fig. 15, 
p. 26. 



Fig. 19. 
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113. ZiM IB proeoxed in firagmenti by meltiiig it, and pouriii^ 
it from a heiglit into water. Inm-filingi may 
be substituted for zinc ; the acid should then be 
added slowly, and an apparatus of this fona 
(fig. 20.) is conrenlenti as it may be introduced 
by the long tube in smidl quantities at a time^ 
to prevent the action going on too briskly. 
Small nails may be uaed instead of the lUings. 

114. Invert ajar with hydrogen as described 
la 108^ and ap]^y a lighted match as the cover is 
taken off; the hydrogen buma solidly, uniting 
with the oxygen of the air, and producing wa» 
ter. 

11$. Inflame hydrogen gas in anotlier jar, keeping the moutli 
downwards ; the light hydrogen mixes thb time moie aWwly with 
the air, and takes a longer time to bum. 

116. Take any small jar or phial, fill it with oxygen, and then 
introduce the oxygen into a larger and very strong jari fill the 
small jar twice with hydrogen^ and mix it with the oxygen in the 
larger jar. Invert the mixtuie and apply a lighted match; an 
imme^te detonation ensues, 
and water is formed. ^^' *^' 

117* Practise transferring 
gases from one jar to another 
under water, holdiag them as 
in Fig. 21. 

118. Tnuwlbr hydrogen in* 
to a bag with a small noxzle 
(see 109) ; press it so as to di- 
rect a stream upon a small 
portion of spongy platinum 
less than a pea, and supported 
loosely in a small coil of plati- 
num wire ; the air, or oxygen, 

acting on the platinum at the same instant with the hydrogen, the 
metal soon becomes red hot, and the hydrogen is inflamed. 

1 10. If two bags be taken, the one with oxygen, the other with 
hjrdrogen, and a stream of gas pressed out from both at the same 
instant, so that they unite and produce one jet of flame, an intense 
degree of heat is exdtedi iron-wire held in the flame quickly 
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bums; smaH fragments of copper, ziiic, antlmonT, lead, and tin, 
burn with great rapidity, if supported on charcoal $ small pieces 
should be taken, less than a pea. Lime^ tobacco pipe-clay, and 
other earthy substances, become intensely 
luminous in this flame. The hydrogen re- * 

quires only half its bulk of oxygen to be 
mixed with it; and the gases are opt to ex- 
plode if they be mixed in one vessel, unless 
the tubes be arranged in a particular manner 
to prevent the flame firom returning. The 
figure shows the manner in which the nozzles 
from the bags are connected in another 
nozzh:, at the extremity of which the fianiie 
is produced. These nozzles are usually 
made of brasSj and about l*60Ui of an inch in diameter at the ex- 
tremity, or rather less. 

15NK SymfxiU 6fprocnie$ described, loiA a trofukUlen : 
H&O sa 'H. Hydrogen and oxygen produce water 
: S&'H&Z s : S'Z&H. Sulphuric acid, water and zhic, pr». 

duce sulphate of zinc and hydrogen. 
: S&'H&Fe = : S*Fe&H. Sulphuric add and water, and iron, 

produce sulphate of iron and hydrogen. 



CHAP. X — AIR ANI> ITS ELEMENTS. 

121. Air is not an element, but a compound of two gases, oxy- 
gen and nitrogen, and its chemical properties depend principally 
upon the oxygen it contains. Thus the oxygen combines with 
inflammable matter during combustion, it acts on the blood in the 
lungs when animals respire, and its influence may be traced in 
numerous operations continually going on at the surface of the 
earth. lYhen the oxygen of the air is consumed, inflammable 
substances do not burn in it, and animals introduced into it im- 
mediately die. Hence the great importance of removing air 
vitiated by combustion or respiration, and introducing into every 
apartment flresh air from a pure source. Miich of the oppression 
and headache of which many persons at times complain, either 
arises entirely, or at least is much aggravated, by breathing for a 
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great length of time in tn atmofiAere yitiated by a crowded 8»* 
8embly, or imperfect ventilation.* 

122. Minute quantities of moisture and carbonic acid are found 
in air in every part of the globe, whidi have an important influ- 
ence in numerous changes at the sur&ce of the earth ; and though 
large quantities of oxygen must be continually consumed, still the 
composition of the air does not vary, oxygen being again restored 
to it, principally, it Is believed, by the action of the leaves of 
plants during sunshine. 

123. Put a short lighted candle, about an inch long, upon the 
shelf of the pneumatic trough (Fig. l&X supporting it above the 
water on any small metallic stand (Fig. 23.) Place over . 

it a glass jar, allowing it to rest upon the shelfl The ~^ 
air is at first expanded by the heat, and a little escapes ; 
the candle soon b^ns to bum more dimly as the in- 
flammable matter it contains consumes th^ oxygen, and 
in a short time it is extinguished. Water is now forced up by the 
pressure of the external air to supply the place of the air expelled 
at first, and also of part of .that which is consumed, a portion of 
Ihe product being condensed by the water. 

NITROGEN. 

124. This gas abounds in the air, forming 4-5 ths of its bulk, 
and is also found in considerable quantity in animal substances, 
and in salts called nitrates. It is observed only in a few vegetable 
substances. 

125. Put 8 or 10 grains of phosphorus into a tin or copper cup, 
supported several inches high (Fig. 24.]^ and place 

over it, when inflamed, a jar about the size of a ^^* ^^ 

common beer-bottle, operating at the pneumatic 

trough, as in Fig. 24; The phosphorus should never 

be touched directly with the hand, and must be 

dried well between iblds of blotting paper before it is 

used. When the white compound of the phosphorus 

and oxygen of the included air has combined with 

the water, nitrogen gas remains transparent and 

colourless. 

126. Transfer it under water to another jar, previously filled 

* For illustnUoDs of ventilation, see Cuban, Fire-places, and Furnaces. 
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with water, holding them in the manner shewn in Fig. 21 ; or in- 
Tert the jar with a cover, keeping in all the water, and introduce 
a suspended candle (Fig. 12.) into the gas; it is immediately ex- 
tinguished* The nitrogen majr he contrasted with oxygen in 
another jar, the candle heing exthiguished in the one, and re- 
kindled in the other, many successive times. 

127. Nitrogen neither supports combustion nor respiration. It 
Is disengaged with great fadlity from numerous compounds, many 
of which explode violently as it is separated. , 

NITRIC ACID. 
12& The elements of air, united in a different proportion, form 
nitric acid, one of the most corrosive and powerful acida$ diluted 
with water it constitutes aquafortis. 

129. Compounds which have a sour taste, and redden blue ve- 
getable colouring matter, are termed acids, though a few of them 
are very feeble in these respects. 

130. Fill a glass retort about l-3d full of a mixture of equal 
weights of aqueous sulphuric acid and nitrate of potassa (common 
nitre) ; heat the mixture with a lamp or chauffer, and collect the 
vapour that distils over in a receiver, which must be kept cold ; 
if the vapour comes over more rapidly than it can be condensed, 
the heat must be moderated. 

131. A flask with a bent tube Fig. 8S. 
fitted to it may be used instead 
of a retort, being luted to it 
with a mixture of clay and sand, 
when the materiab have been 
introduced. Fig. 25. 

132. The process should be 
continued till a quantity of acid 
be obtained, at least equal in 
bulk to the aqueous sulphuric 
acid emplt>yed. Part of the 
acid is generally decomposed, 
and a ruddy vapour produced which tinges the acid of various, 
hues ; it is called nitrous acid. The sulphuric acid remains in the 
retort with the potassa of the nitre, and the nitric acid passes intor 
the receiver united with water, which it takes from the aqueous, 
sulphuric acid employed*; 
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133. Add a drop of the acid to water in a beer-glaas, coloured 
vith vegetable blue; it is immediately reddened. 

134. Cover a tea.spoonful of iron.filings in another beer.glaas 
With water, and pour upon them small quantities of acid at a 
time till a brisk effervescence appears. The inm takes oxygen 
from the acid, and many gases are disengaged composed of nitro. 
gen with less oxygen than is found in the acid. 

135. Heat two table-spoonfuls of charcoal powder to redness in 
a crucible, and pour upon it aqueous nitric acid in a very sfen- 
der stream ; the charcoal bums rapidly^ taking oxygen from the 
acid. 

136. Nitric acid is always associated with water as usually pro- 
cured, and should be kept carefully in stoppled phials, as it iA 
very corrosive, and emits acrid fumes. It is transparent and co- 
lourless when there is no nitrous acid present, and if concentrated, 
a phial that holds 1000 gndnsof water will contain about 1480 oC 
this acid. It is often contaminated with sulphuric add or dilo-^ 
rine, which may be detected by solutions of nitrate of baryta and 
nitrate of silver. The add should be diluted in a wine-glass, be- 
fore the tests are applied, with G or 8 times its bulk of distilled 
water. The tests produce no effect in pure add ; sulphuric add 
gives a white precipitate with baryta, and chlorine produces the 
same effect with the silver. The tests must be tried in separate 
glasses. 

137. Evaporate a portion of the nitric acid on a broad slip of 
glass, or in an evaporating basin, till none is left. If any solid 
matter remain, it is also to be regarded as an impurity. 

138. The other compounds of nitrogen and oxygen are repre- 
sented in the Table, page 8. They are produced when nitric 
acid or its compounds are decomposed. 

139. Oxide of Nitrooxv, commonly called Intoxicating Gas, 
Can be respired for a minute or two without danger ; it produces 
great exdtement in general, accompanied by immoderate laugh- 
ter, and violent muscular action. Its effects pass away very 
quickly. 

' 14(k BixoxiDE OF NxTBooTBir is also gaseous, and, when mixed 
with air or oxygen, produces dense, acrid, ruddy fumes of nitrous 
acid. 
141. Nitrous add generally appears as a ruddy vapour when ni- 
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trie acid is decomposed, or when the binoxide acts on the air and 
attracts more oxygen. 



CHAP. XL— SULPHUR AND PHOSPHORUS. 

142. Sulphur has a fine straw-yellow colour; abounds in many 
v^olcanic countries, where it is believed Co have been separated 
from its various compounds by the action of heat. It is also pre- 
pared artificially by heating compounds in which it is combined 
with metals. 

143. Hold a roll of sulphur over a powerfiil lamp ; it soon fells 
in pieces, the exterior portion expanding, while the rest is rigid* 
Sulphur is a bad conductor of heat. 

144. Melt sulphur in a Florence fiask, and pour it, whenever 
it is fluid, into water ; it immediately becomes hard and brittle. 

145. Heat another portion, after melting it, till it becomes 
thick and vLsdd ; pour it, in a very slender stream, into water ; 
it is now transparent, soft, and elastic, but gradually returns to 
its usual form. 

146. Heat sulphur in a small retort, the vapour condenses in 
the neck of the retort, or in a receiver which may be connected 
with it, in the form of a yellow powder, usually called Flowers of 
Sulphur. 

147. Pour melted sulphur into a conical wine-glass, previously 
moistened very slightly ; it consolidates quickly into a crystalline 
mass. Observe the crystals as they shoot across the liquid. 

148. Dip small pieces of wood into melted sulphur; a portion 
of it adheres to the wood, and common sulphur matches are 
formed. 

149. Press any seal or stamp upon melted sulphur resting upon 
paper ; it takes a very accurate impression. Metallic substances 
are very apt to be discoloured by sulphur. 

150. SuLPHuaocs Acid is formed when sulphur bums in con- 
tact with the air or pure oxygen. It is a pungent suffocating 
gas ; water can condense thirty-three times its bulk, acquiring its 
odour. When sulphur is burned in oxygen, a very beau- 

tiful blue light appears. The same apparatus may be ,,^L 
used as in burning phosphorus in air to prepare nitrogen >i-^ 
(See 126), or a few fragments of sulphur may be kindled I 
in a copper-cup, suspended by a wire, and introduced into I 
a phial, vase, or flask (Fig. 20.), filled with oxygen gas. ^ 

c 



M AQUJBOI78; SUlfiiUBiQ JkCUK 

lAL SvLvnmac Acztt i» the most importani com{xiiuid of tttU 
phur, and is termed Aqueous in the condiiioa it is usually met 
with, 40 of acid being combined with 9 of water. It is prepared 
by mixing sulphurous acid gas, formed by burning sulphur, with 
nitrous and nitric acid, in a large chamber Hned with lead.' When 
properly cosoentrated, it is a dense oily-boking fluid, much hea- 
vier than water. It is mudi employed in decomposing compounds^ 
containing acids,, corrodes animal and vegetable matter, and is in- 
tensely add. 

152. Pour three or four drops upon the fire, or upon a red.hot 
iron*, wheore the fumes can be earned away ; dense while vapours 
iamcdiatdy a|^e8& 

153. Aqueous sulphuric acid should never be mixed with water 
in a glass measure, or any other thick glass vessel, as the sudden 
heat predueed often causes them to be broken. Pour 3 ounces of • 
-water iota a thin flask, capable of holding 10 or 12, and mix with 
it in the flask 4(. ounces, by measure, of the strongest add. Great. 
heat is inmediatsly produced ; if a tube with cold water be placed 
in the mixture, it soon begins to boil If the flask be very thin 
irmay be dipped into cold water, till it is nearly covered, and im- 
iwdiaitdy removed ; the small portion of water adhering to tha 
IJbss outside evaporates quickly, and much vapour is observed. 

164. Try the action of a few drops of this add on vegetable 
Uoe, as in 133. 

IM. Put a few chips of wood into a wine-glass, and mix them 
with a, little of the add ; the wood is decomposed^ and becomes 
hiack from the separation of part uf the carbon. 

15<L Take two beer-glasses with water, and put into each a 
dram of the aqueous acid ; into one pour a few drops of any so* 
kition' of baryta, sulphate of barjta faUs in the form of a white 
powder. To the other add a few drops of acetate of lead in solu- 
tion, sulphate of lead immediately appears. 

157. SUI.FHU&XTED H YDBOGEN Is found in a number of springs, 
producing the offensive odour observed in sulphureous mineral 
waters^ It is gaseous when uncombined, and extremely noxious 
to animal life. 

15«. Mix, in a bottle with a bent tube (Fig. 19), 440 grs. of the 
sulphuret of iron in fragments, with 3 ounces of water and 490 
grains (5 drachms by measure may be taken) of aqueous sul- 
phuric add. Sulphureted Iijdrogen escapes with effervescence. 




luid mvy be ecdlecteii m jan or fladn at the pneumatic trough 
.<FiSf 15)* The- sulphur of the lulphuzet ta&es hydrogen from 
.foxt o£ the mitev producing the gas $ the iroa takes the oxygen 
with which the acid produces, sotphate of iron ;> k remains wUh 
the uodecomposed water. 

16ft. Heat a har of iron to whitenesSr at a smith's forge, and 
ptesEi upon the extremity a roll 
of sttlphury inclining them in ^' ^* 

the manner represented, and | 
coUectiog under water, in any 
iron vessel, the red4iot fluid, 
which is immediately formed^ 
It is the sulphuxet of iron,, very ^ 

brittle when solid^ and com. • 

posed, of 28 of iron and 16 of sulphur. 

160. Invert a jar, and apply a lighted match- ; thegasbum^ 
and. produces sulphurous add anal water as it acts upon the oxy- 
jgfin of the air ; part of the sulphur is not consumed. 

161. Fill a flask fuE of water, introduce a portion of the gas till 
it is half full, cork it under water, lift it out with the cork down- 
waxids, shake it well, and then loosen the cork, keeping the flask in 
the same position ; the air rushes in ta supply the place left va- 
cant as the gas unites with, the water. The solution is of the 
some nature with sulphureous mineral wjtters, but much stronger* 

162. Moisten carbonate of lead with water, spread it upon a 
piece of paper, and introduce it into ajar or flask of the gas» The 
carbonate is immediately blackened, the chan^^ represented in 
Figs. 2. and 3. taking place. 

163. Symb. :S, Sulphuric Acid. *H:S, Aqueous Sulphuric 
Acid. -HiS&SFe » IS'Fe and H& Water, Sulphuric Acid, 
and Sulphuret of Iron, produce Sulphate of Iron and Sulphureted 
hydrogen. 

164. pHosFHonus. — ^Heat bones in an open fire, a white mat- 
ter remains,^ composed principally of phosphoric acid and lime ; by 
sulphuric acid the greater portion of the lime may be removed, 
and if the acid be now heated with, charcoal, it removes oxygen, 
and the phosphorus is converted into vapour. This process is too 
complicated for beginners to attempt it. 

165. Phosphorus being inflamed with great facility, it ought 
always to be cut under water, and never touched directly by the 
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fingers ; it gives a very severe bum when it touches any part of 
the body after it has been inflamed. When used in any experi* 
meut ivhere no water is required, it ought always to be dried pre* 
viously, by placing it between folds of bibulous paper. 

1G6. Put 5 grains of dry phosphorus upon a tin cup, supported 
as in Fig. 24, and placed upon a plate ; inflame it, and cover it 
with a dry jar. The phosphorus unites with the oxygen of the 
air, and produ6es a solid acid, w^hich Mis down in the included 
air like flakes of snow. 

167. Put 5 grains of dry and newly kindled phosphorus into a 
jar or flask fiiU. of oxygen, and capable of containing about 30 
ounces of water ; the phosphorus may be supported in a cup 
(Figs. 23. and 26.), and should be placed as low as possible in the 
vessel containing the oxygen. A very vivid light appears during 
the combustion of phosphorus in oxygen ; an acid compound is 
formed, as in 125. 

168. Place a thin slice of dried phosphorus (about ^ of a grain) 
between folds of writing-paper, and rub it briskly with a glass- 
stopple. The heat produced by the friction soon inflames the 
phosphorus. 

169. Melt 3 or 4 grains of phosphorus in a test tube, give heat 
till it boils for five or ten minutes, and allow it to cool. If a sul- 
phur match be now introduced, it may be made to rub ofi^ a por. 
tion of the phosphorus, the heat produced enabling the phosphorus 
to take fire on coming in contact with the air. 

170. Put 10 grains of phosphorus into an ale-glass with boiling 
water, and force oxygen gas upon it, pressing out the oxygen from 
a bag such as has been described (See Fig. 18). The phosphorus 
inflames under the boiling water. 

171* Heat 30 grains of phosphorus with 30 drops of water and 
SO grains of aqueous potassa in a very small retort, till a gas 
comes away which inflames as it comes in contact with the oxygen 
of the air. When the gas comes steadily away, the beak of the 
retort may be placed under water. Every portion of gas which 
rises through the water produces a beautiful wreath of smoke as 
it rises in the air. The gas is produced by one part of the phos^ 
phorus taking hydrogen from the water, while the rest takes oxy« 
gen and combines with the potassa. As it burns, the hydrogen 
forms water with the oxygen of the air, and the phosphorus also 
unites with oxygen. 
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172* Take a stick of phosphorus, holding it with pincers, and 
dniw lines with it upon a wooden board in a dark Toom ; wherfever 
the phosphorus touches the wood, a portion is absorbed, which re- 
tains its luminousness for a long time. 



CHAP. XIL— CARBON, CARBONIC ACID, COAL AND OJL 
GAS, COMBUSTION, VENTILATION. 

173. Carbon is found in many different forms. 
L The Diamond is composed of pure carbon. 
II. Charcoal consists almost entirely of carbon, and is pre- 
pared by heating wood so as to expel all the gaseous 
matter it contains. Heat a few chips of wood in a glass 
tube by the flame of a lamp, or in an iron pot placed upon 
a common fire, so long as gas and vapour are rapidly 
disengaged ; charcoal is left, which must be excluded 
from the air as it is cooled, to prevent it from taking 
fire. 

III. Heat common coal in the same manner ; coal gas and other 

compounds are expelled, and the carbon is left in the form 
of a cinder, forming what is commonly termed Coke. • 

IV. Lamp Black is the carbon deposited from a smoky f!ame^ 
V. IvoRT Blace, or Animal Chahcoal, are terms usually 

applied to carbon in the condition in which it is ob» 
tained when bones are heated and the air excluded. A 
large portion, of earthy matter is mixed with it in this 
condition. 

VI. Plumbago, commonly called Black Lead, is composed 
principally of carbon with a small quantity of iron. 
VII. Coal consists in general of carbon, oxygen, hydrogen, 
and nitrogen, and is considered to have been formed 
from decayed vegetable matter. Few traces of animal 
matter have hitherto been observed. When heated, 
the gases are expelled, and carry along with them a 
quantity of carbon, producing common coal-gas, which 
bums upon the coal if air be supplied to it, but may be 
conveyed, as in gas-pipes, to any distance if the air be 
excluded. Other gases are also formed. 
VIII. Splint Coal has a splintery fracture. 

IX. Caking Coal fuses, and forms a cake when heated. ' 
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X. CazuT Coax, lias a slaty fracture, aad is «aBfly l>raken. 
XI. Gakvel Coal, <or PAanoT Coal, gi^es much gas ffhen 

heated, and was formerly used instead of candles. 
XII. Glance Coal, or Aktsbacite, conristing almost eiitfa«- 
Ij of carbon, gires no gas when heated, but bums with 
a fixed light. 
XIII. Brown Coax., Bituminous VTood, or Sitxtubbrand, 

hais a brown colour, and resembles peat. 
XI Y. Jet is aaotker Tariety of oed ; it is used in making black 
ornaments. Naphtha, Petbolzvii, Mineral Tar, 
Mineral Pitch, and Mineral Caoutchouc, are all 
composed principally of carbon and hydrogen, and con- 
sidered as products of the decomposition of coal ; sub- 
stances similar te most of them being formed in prepa- 
ring coal-gas. 
\Ji. Put some fr agme n ts of charcoal in a capper cop or cage ; 
beat any of them to sedness ia a lamp, and intio- 
duce them into a jar, flask, or phial, containing oxy- ^'^' ^ 
fen (Fig; 28.> ▲ bsHHant conainistum takes idace, 
the charcoal fauming with a fixed H^^t. Caifbeoie 
acid gas is alwi^s fiimied when carbon is freely ai^- 
plied with oyygen, -whatever its sDusceimiy bsu 

116* In the oombttstioa of a conunan fixe, where 
there is a thidc bed of ckidBrs, thiee drcumstanoes 
require attrition ; 

I. Carbonic acid is formed below where the air first acts upon 

the carbon. 
II. Part of the carbon of tiie supen&cumbent red-hot cinders 
takes away half of the oxygen from tiie carbonic acid as 
it rises through them, and 2 particles of carbonic oxide 
gas are ibrmed by the decomposition of e^ery particle 
of carbonic acid. 
III. These 2 particles of carbonic oxide biun with a blue flame 
as they come in contact with fresh air, producing 2 of 
carbonic acid, as an additional supply of oxygen is com- 
municated to them. 
These clianges may be thus expressed symbolically : 
I. C&O* s :C Carbon and 2 of oxygen produce carbonic 

acid. 
II< :C&C s 2*C Carbonic add and 1 of carbon produce 2 of 
carbonic oxide. 
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IIL fi<!&a> » 2:C S oTcHtaiic^oSide «ii4 2 <if Mcjiiw fro. 
duc&S flf caxiianlc add. 

176, In waon weatiier tiieve is mnoh tnoMttre iii1i»^r, uii 
the kjdi€gen of tfat -waUrj Trnponr whid f»s«t tiwov^ tiie ft» 
jM-oduces wkh the carbra a jgu, mfaicfa chingei a little the oelotir 
of the blue flame. The blue flame is best seea in rnj oM^twtf 
vreaih&c^ mbtm tbe air ooirtains Uttie indstafew 

GA&BONIC ACID AND GARBONK: OXIDE* 

177* Prepa» carbonic add ^u at die pDenmatic tnwgli, mAag 
tbe bolUe and bent tube lepiesenied In Fig. If, introdudag li^ 
it an ounce of aqueous muiiatic add preyiouslj mixed vtth'fdf 
water, and about a table-spoonful of large fragments of chalk or 
marble, which are ceasposed of c8il>onic add and Ume ; the mu* 
xiatic add unites with the Iwie^ and cuhaiuc add gas esoapes with 
effervesoence, Sjmb. H€l&:C-CSa s fiClCa&;C Zwaortime 
jars of gas maj be collected, and a flask or bottle filled Italf ioB. 

178* Introduce a lighted candle (f%. 12.) iota one of the jan^ 
it is immediately extii^^uishedL 

1 79* Invert another jar, and leave it withent aqy com ifor §me 
or ten minutes ; then try it with the candle as before : the casba- 
nic add gas being haavy^ wmaiaa in the jar /or a oanaidanlble 

180. Shake the bottle with carbonic add and water, the gaa la 
absorbed, as in 161. Add a little Utmus in aokftion ; the blae 
changes to a red. Boil a little of the red la^iud in a fladc or tube ; 
the gas escapes and the blue is restoied. 

181. Carbonic add gas is fatal to animal life s animals introduced 
into it immediately die. Diluted with air to such an •extent that 
respiration may be continued, it produces headach, opfKession, 
dulness, and inactivity. It is produced by the combustion of car- 
bon, and by respiration ; so that crowded or ill-veniilated ^part* 
ments are extremely unwholesome, and sometimes, dangerooa, 
from the accumulation of carbonic add. It is found during fer- 
mentation and putre&ction, and accumulates in old wells, pits, 
and caverns : before attempting to enter into any of them, a 
lighted oil-lamp should be introduced, and if extinguished, any one 
entering would probably be suffocated. A candle is often extin^ 
guisbed in air vitiated with carbonic acid, though a lamp ms^j 
bum in it 
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182L Reat 60 grains of crxitalHzed oxalic add in a retort with 
an ounce bj measure of aqueous sulphuric acid. Collect the 
gases evolved at the pneumatic trough. The oxalic acid is de- 
composed and resolved into carbonic add and carbonic oxide gases, 
^a the hot sulphuric add removes its water of crystallization. 
Symb. :C««:C&-C. 

183. Invert ajar of the mixed gases, and pour into it as much 
lime-water as will fill it about l-3d full. Shake the lime-water 
with the gases, keeping on the cover of the jar ; carbonic acid gas 
is condensed, producing carbonate of lime, which renders the liquid 
milky. Inflame the remaining carbonic oxide ; it bums with a 
blue flame. 

COAL AND OIL GASES. 

184. When coal, oil, tallow, wax, resin, and many other inflam- 
mable substances, are exposed to heat, gaseous compounds of hy- 
drogen and carbon are produced in large quantity. In an open 
£re, the gas bums as it escapes from the coal, &c ; and an oil-lamp 
or tallow candle may be compared to a small gas manufactory, 
where the gas is consumed by the air as it is produced upon the 
wick. 

18& Heat by a lamp some fragments of coal in a small test 
tube ; gas is expelled, which may be inflamed. Water chaTged 
with ammonia, and a tarry matter; may also be seen as the heat is 
continued; coke is left in the tube. 

186. When coal contains sulphuret of iron, sulphureted hydro- 
gen gas is also formed, which is removed by lime. 

187« The gaseous compounds of hydrogen and carbon are usually 
called CARBURET ED HYDROGEN GASES. The morc they abound 
in carbon, the richer the flame they produce as they bum. Hy- 
DRURET OF CARBOK is more Valuable than the bihydruret, and 
is found in larger quantity in oil than in coal gas. Their compo- 
sition may be seen in the table, page 8. 

188. The products of the combustion of carbureted hydrogen 
gases are carbonic add and water, the nitrogen of the air being 
separated. 

189. Hydmret of carbon acts on 3 particles of air ; carbonic 
acid and water are formed, and 6 of nitrogen separated. Syinb. 
HC&3N«=r:C&H&6N. 
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190. Bib} druret of carbon consumes 4 particles of air, producing 
1 of carbonic acid and 2 of water, 8 of nitrogen being 
detached. Sjm. H*C&4*N< «. :C&2*H and 8N. FIfrSS. 

191. The flame of a common lamp or candle is pro- 
duced by the gas formed around the wick acting upon 
the oxygen of the air ; it is confined solely to the exte- 
rior .portion of the ascending gas. In Fig. 29, a a de- 
notes the part in a state of combustion. AU without is 
merely heated air, or the products of combustion ; and 
all within is unconsumed gas^ rising in its turn to affect 
the oxygen of the air. 

192. If a glass-tube be introduced within the flame of a large 
lamp or candle, in the manner represented in Fig. 30, part of the 
unconsumed gas passes through it, and may be kindled as it es* 
capes. With a tube l-4tb of an inch in diameter, and a fbot long, 
this is very easily shewn; the wider the tube the better, if the 
flame be sufficiently large. 



Fig. 32. 
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Fig. 31. 
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Fig. 31. shews a section across the flame, with the position of 
the tube. 

193. The nature of flame is beautifully illustrated by holding 
over the flame of a candle, or of a large stream of gas, a piece of 
wire-gauze 6 or 8 inches square, with about 1000 meshes in the 
square inch. The flame is intercepted, and appears only below the 
gauze, a tube of flame appearing expanded as it reaches the gauze. 
The unconsumed gas rises through the gauze, and if a lighted 
match be applied, it bums on the upper side ; the appearance is 
then presented as seen in Fig. 32. 
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194. A wUte lieat is squired to canse the combtzation of ccnn- 
ixion gaseous matter in most cases indth flame, and an intense heat 
is equally produced b/tbe comirastion of gas wilii 
flame. If flame be produced on one Me of wire- 
gause with small aperttmes, the metalHc irires of 
tbe gauze being always kept cold bj ihe sm-- 
rounding air, any burohig gaseous matter coming 
in contact with it 4s so much cooled, l^at it 
soon ceases to bom, and is incapable of inllaning 
vnconsumed gas on iSie other lide, affcer ft ^hall 
have passed the gauze. 

195. Fig. S8. repnMents ffa« vdnet^ saftftf- 
lamp, invented by Sir H. Dary, where a common 
kmp is sumnnded with wire^uae. In coal^ 
nines, the atiMoeplieDe ixequentiy becomct«spl». 
ttve, from tlie large quantity of bifaydrunt of 
carbon, the fire-dakp of miners, which eacapoi 
from the coal as it is worlced, and a lighted candle 
would instantly detonate the mixture. But with 
this lamp, though the explosiye mixture may 
enter within the gauze and burn there, the flame 
within cannot set fire to the explosive mixture 
wititout, so tliat the miner has timie to escape. 

196. The intensity of light produced during 
the combustion of any gaseous matter, depends 
much upon the manner in which the gas is con- 
Jumed. In producing a highly luminous flame, 
attention should be paid to the following circum- 
stances : 

I. The combustion must be made to take 
place in such a manner^ that an intense 
heat is produced. 
II. The gaa^ as yet unconsumed, is decom- 
posed by the heat, and much solid char, 
coal is separated and suspended in the 
flame for an instant. 
III. This charcoal must be intensely heated, so as to be con- 
sumed. Any unconsumed charcoal g^ves a yellowish 
tinge to the flame, and, if in large quantity, is deposited 
ultimately in the form of soot. 
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197* In An srgand %umer, fig. 34, the intensity of the heat is 
augmented by causmg air to enter in fhe middle of a circular 
irick or series of gas jets, ao that more gas is consumed within a 
given space than in tke ordinary manner. Thus, in Fig. 95, a sec* 
tion of the argand burner Fig. 34, it will be seen that the surfaces 
of the burning gaS'oa, aa, are very near, so that the interposed 
gas is heated much more than when these surfaces aa are distant, 
fig. 29. Mudi carbon therefore is precipitated, and becomes in- 
tensely luminous before it is consumed. 

Fig. 96. 



Fig. 34. 




198. If the aperture by which air is admitted into the interior 
of the flame be closed by a piece of paper, the flame represented 
in Fig. 34. immediately assumes the form shewn in Fig. 36 ; part 
of the supply of air being cut off, it extends farther into the air 
before it meets with the oxygen necessary for combustion. The 
heat is accordingly difiused over a larger surface, and becomes less 
intense; a and a are more distant from each other; a smaller 
quantity of carbon is deposited, less gas being decomposed, and 
even that which is separated being less intensely heated, much of 
it is unconsumed, and produces a dingy and imperfect flame. 

199. The most perfect form of burner is seen in the flat gas 
jet, Fig. 37, where two opposing currents of gas meeting each 
other, flash into an extremely thin sheet of gas, which extends in 
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an opposite direction to the currents which produce it Fig. 38. 
is a section of the same jet, the side of the flame heing turned to- 
wards the eye. Here, the gas on one side heing so extremely 
near that on the other, all the conditions are ftUfilied whidi are 
necessary for intense heat and light 

Fig. 37. Fig. 38. 
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200. For some purposes where gas is used, it escapes with too 
much force to be employed conyeniently, as in experiments with 
the blowpipe. By placing over it a small brass tube. Fig. 39. 
covered with wire-gauze, a better flame for this Fig. aa, pig. 4a 
purpose is procured. 

201. If air be mixed with gas before it is in- 
flamed, as by allowing it to rise in a tin chim- 
ney, to which the air has free access on every 
side, wire-gauze being placed over the top of 
the chimney, a flame is produced which is not 
more luminous than that of a spirit of wine 
lamp, and produces no smoke. Fig. 40. illus- 
trates the arrangement adopted. It is easy in 
this way to procure inflame from an inch to a 
foot in diameter. Burners of this kind have been much used of 
late for the steady application of heat, both for domestic purposes 
and in the laboratory of the chemist. 
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202. Fig. 41. represents the roasting burner^ in the manner it 
is manufactured by Mr Milne of this city ; it consists of a circu- 
lar tube^ from which numerous jets of gas escape, the meat being 
placed upon the upright spit in the centre. 

FURNACES, FIRE-PLACES, VENTILATION. 

203. If a fire be kmdled in the middle of a room, Fig. 42, the 
door, windows, and chimney, being completely closed, the air at 
the fire-place expands, and becomes lighter, bulk for bulk, than 
the rest, which descends and flows under it, pushing it upwards in 
the same manner as water poured into any vessel with a cork at 
the bottom, sinks under the cork; and floats it as it insinuates it- 
self below it. A perpetual circulation thus goes on so long as the 
heat is- continued, all the air being in time iuTolved in this move- 
ment, cooling and sinking on the exterior, while fresh quantities 
are continually expanding as the heat afiects them. 

Fig. 41 



Fig. 43. 




204. If a fire be kindled in an apartment or 
chimney, close below but open above, a current 
of warm air will ascend, the cold air descending 
at the sides and forcing it up, so that the air will 
be continually renewed ; see Fig. 43. 

205. When a fire is heated in a chimney open 
below and above, the air moves quickly, the warm 
air in the chimney being pushed up rapidly by 
the external cold and heavier air, Fig. 44. 



Fig. 44. 
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SOe« When two ddmnefs are cannccted together by a flue, 
Figi 45^ and a fire kindled in one of them, the air ascends in the 
ane widi the fira^ being pushed upwards by the cold air which 
descends through the other. A simiLir arrangement is adopted 
in ventilating numerous mines ; the horizontal part of the figure 
may represent that part of the mine which is worked, and the 
perpendicular portions the two shafts whicb lead to the mine, the 
air descending in one and xiaing in the othcte. 

207. In Fig. 40> the currenta are represented as they occur in 
ft commcm fire>>plBce. Air eniers by the doora or windows. 

2i8; Fig. 47* ilkratratee the currents in a fiimace. There,^ the 
space left open in a eommon fire-place bemg eleaed, a more intense 
heat is^ produced, aa ne ak eacapeainto the chimney .which doea 
not pass throu^ the fiiel and caaKribttte to the camhustion. 



Fig. 46, 
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Fig. 48, 



209. Wherever air continues to escape, fresh air must have firee 
access to the apartment When the 
doors and windows fit so tightly as not 
to admit of this, then some aperture 
rntnt be made for this purpose alone. 
Fig. 48. represents a mode which has 
been occasionally adopted for this pur- 
pose, one diimney leading in a de- 
scending current of fresh air, while 
by the common chimney it is carried 
away.. 

210. When air is not admitted by this or some other arrange- 
ment, cold air descends in the chimney, entangling and carrying 
down come of the ascending warm and smoky air^ and in such cases 
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the roflOEL wlUt neoeaacily wmoka^ two «uist»t» msy be ieea in 
such vents, Fig. 40, which ace pecp«tuaUj afftfctJBg each, othos. 

Fig. 50. 



Fig. 49, 
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211. In atoves^ F^. 69, heated air is prodtrcecr frequently hj d^ 
lowing cold air to enter between the inner case containing the fuel 
and the outer case ; the air is warmed aa it posses^ and may h& 
conveyed by pipes to a distant apairtment. The smoke ia led into 
fl^chimney by a^ separate tube.. 

212. If heated air be introduced 
by thousands of small i^rtures i& 
the floor of any apaitment,. from a 
chamber where it is previously 
heated to the reqiuired tempera. 
ture,^ it will ascend in a continuoua 
stream when Uie external air is 
colder and heavier, as in Fig. 5L 
But in warm weather the currents 
would not be so much under coo^ 
troly as the air in the interior might 
then be frequently of the same 
temperature, or even, colder than 
the air in the exterior. 

213. Large public buildings might be ventilated in the manner 
represented in Fig. 52. The air in the chimney having been heat« 
ed powerfully and expanded much by the furnace Ar, cannot op, 
pose the colder air in the apartment, which accordingly presses it 
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upwards and is forced in the same course in its turn : fresh air 
accordingly descends in the other chimney, as hj a, b, c, passes 



Fig. 32. 
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through the apertures in the floor, and rises in a slow hut constant 
stream to the roof, whence it is convejed to the chimnej. Doors 
are placed so as to allow the rapidit j- of the current to he regulated 
according to the quantity of air required. A power may thus be 
obtained capable of operating to any extent, and so completely 
under control that it can be adapted to the varying circumstances 
in which it may be applied, while it can also be easily regulated, 
and diminished or increased in an instant with the utmost preci- 
sion. It will also act upon air whether it may hare previously 
Been heated or cooled within the whole ranges of temperature ob- 
served at the sur&ce of the earth, where no unusual circumstances 
present themselves. 

214. In a common fire-place, heat is communicated principally 
by radiation, the smoke and consumed air ascending in the chim- 
ney. The less the quantity of metal, the greater the heat pro- 
jected into the room. With large metallic bars and plates a great 
quantity of heat is continually withdrawn by conduction, as the 
air which passes by them ascends in the chimney. Sometimes 
polished brass plates are used with advantage at the sides of par- 
Ucular fire-places, to reflect into the apartment any radiant heat 
which may fall upon them. Grates are almost invariably placed 



too bigh ; and branders supporting the fire should t}«^ «Ki a levi^ 
trftk the floor, and the ash-pit sunk below them* 

215. The term draught is usually employed in reference fo 
chimneys ; and when air passes through them quickly, they are 
said CO draw welL The movement of the air depends, howerer, 
upon the colder and heavier air meeting with less resistance than 
before from the eitpanded and lighter air in the chimney; and the 
greater the difference between the specific gravity of the external 
air and that in the chimney, the more rapidly does the movement 
go on, or, in common language, the better does theftimace draw. 

316* F^ 63L and 64. represent some of the principal flues and 
tenacee attached to the large chimney in the centre of my clasdk. 
Wig, to. 




room, and the manner in which they enter in on every side, above 
and below ground. In seme extensive man\ifacturing establish* 
ments from 100 to 200 furnaces often play into a single chimney. 
217. To the right in Fig. 63. a smith's f oboe is first observed, 
then a reverberatory furwace where the flame dashes over 
the material to be heated, and then another fiimace hr miscella* 

D 
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neoas operations. Below, and in the midtile, a furnace is placed 
to heat the superincumbent iron aand-bath plate, evaporating ba- 
sins being put there, while noxious fumes are carried away by the 
ajierture represented. Above is another plate of a similar form, 
from which a more moderate heat is procured. A glass is also re- 
presented resting en a projection, and before an aperture in the 
chimney, so that o^nsive gases from it are rapidly withdrawn. 
To the left, the first furnace observed is used for operations where 
au intense heat is required ; the huge open space above the fuel al- 
lows all the consumed air to escape with rapidity, and firesh air to 
enter. A furnace with an earthen vessel called a Muffle is next 
seen ; it is used in refining gold and silver. A bhist furnace fof 
melting iron is observed at the extreme left ; the air, instead of 
entering through furnace bars, being propelled by a fanner turned 
two thousand times a minute by a steam^ngine. 

218. In Fig. 54. another section of the same chimney is shewn, 
illustrative of the arrangements adopted in several of the furnaces 
with descending flues, and of the manner in which fumes are car- 
ried off in numerous operations where the phenomena could not 
otherwise be so easily shewn without injury to the operator and 
those around him. 

219. On the extreme right four apertures are seen for this pur- 
pose, which are used with different kinds of apparatus. The re- 
tort which follows rests upon a few cinders mixed with charcoal, 
the air descending as in the other flues, while the receiver is kept 
cold by the rapid current of air descending on every side. In the 
next figure the experimenter is supposed to be introducing anti- 
mony or arsenic into a vase of chlorine surrounded by a glass 
chimney, and adjoining the chimney there is a large glass ventila- 
tor used for numerous experiments ; naphtha is represented burn- 
ing in a cup, the flame descending upwards of 12 or 18 inches. 
On the left hand, two furnaces are seen, well adapted for shew- 
ing some crucible operations which require to be watched as they 
advance, vind between them is observed a section of the circular 
fire by which the practical class room is heated ; it is about 3 feet 
in diameter, with a circular vent in the middle, about 10 inches 
in diameter, which carries away the products of combustion ; with 
a less powerful chimney than that into which it plays, the diame- 
ter of the vent would require to be 2 or 3 inches greater. Coke is 
usually employed in this fire-place, and the chimney is general- 
ly concealed from idew by a wreath of blue flame, which descends 
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within it, being produced by the combustion of caAonic oxide 
formed as described in 196. 

220. If a single furnace be required, perhaps none will be found 
more generally useful than that represented in Figs. 13. and 14. 
Another form is sometimes adopted, Fig. 55, where it is not ne- 
cessary to adapt it for iron bottles with attached tubes for the 
preparation of oxygen and other gases; if the flue be carried from 
10 to 20 feet high, or be led into another chimney, it produces 
great heat. The numbers express the size in inches. 

Fig. 55. ' 



Fig. 66. 
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221. Dr Black's portable furnace, Fig. 56, is much used, and 
consists of a case of stout sheet-iron lined to the thickness of 2 or 
3 inches with a very infusible clay or earthy composition. Above 
is an aperture for an iron-pot to contain sand, and other openings 
may also be observed for introducing tubes and different kinds of 
apparatus. The pipe canning away the smoke must be prolong- 
ed, or connected with a chimney. 

222. Dr Amott lately shewed that three-fourths of the heat pro- 
duced in a common fire-place is wasted or carried away by the 
chimney, and has proposed to employ an earthen-ware furnace in- 
closed in an iron box, so that a much larger portion of heat shall 
be obtained firom the fuel, apertures being made in the iron cham- 
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ber to rcgakiAe Ute «ttfre«ts i>f air.. A givtt s&Ting of fucA liM 
been effected in this manner. 

833. In the anrangemeot aidkipled by Mr Adams of FaUcirir for 
lieating ^nj apartment, the liiel is economised, and the TentHa- 
tion effectually oeciirett Cold 
•ir descends b j a (Fig. 67), and 
is heated by coming In contaGt 
wUh the back of the gnte in the 
air chamber b% from it a smaU 
portion is allowed to enter near 
the fire by numerous opening 
and the rest passes into the apart- 
ment along the floor ; or, where 
this cannot so conveniently be 
done, it may be introduced above 
as at <i, or at a little distance from 
the chimney. It is obvious, how- 
ever, that it is not necessary that 
any of the air should pass direct- 
ly from the air. chamber to the fire>place ; if all of it be made 
to pass into the room, it must soon find its way into the fire- 
place,^ from the expansion produced there as the combustion pro- 
ceeds. 

224. Small portable furnaces, called chauffers, are found 
very convenient in numerous operations where heat is required ; 
they may be made from 3 to 6 or 8 inches in diameter, and 6, 8, 

Fig.eo. F]g.6L 



Fig. 68. 
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QrlOSacbfiftdaepk A ehuaa^ put owv tktw iaanuM tke hcst, 
Fi& 58L Tubes are often heated with them in the manner shewn 
in Figs. SS. and 60. Occasnnalljr smaU civdhles' are pedsrated 
and used as chauffenk Fig. ^ 

22& Chauflfers are usually filled with red-bet cinders or char- 
coaL Wood heated in a common fire till all fiame ceases, givea 
excellent charcoal for this purpose. When the chaufier is very 
small, charcoal alone is emplojed. 

226. With 20 or 24 bricks, and a few small slips of narrow hoop 
iron» a chau£Bsr or sraaU fiimaee buij be eoastvueted in a few mi- 
nutes, capable of glTing a good xed heat, wheie the usual ftcUitiei 
for operating are not ta be ebtaiaed^ and whore aeenmon fire it 
not accessible. Suppose the faikks to be A jmcbea bvoad and !• 
long, 3 are laid aide bj side as in Fig. 62, P,^ ^ 

and 3 more in the same waQr, esd efpo- 
site to the &r8t» at the diatasc* oC 4 inehea. 
The slips of iron are placed in that middle 
to support the fuel, and eae er twe counes 
of brides laid abeve theBi» sa as to leave 
an aperture & inches aiuare* If the 
brick&be laid with mortar or day, the cunent ef air will be stfll 
stronger, and the beat ffteaiuer, Bj uiiagSMaH tueeee of cfaanesa^ 
the heat may be moderated a» aa ta beemplejad with flasks anA 
retorts, as weU as crucibles. 

227* In aU cases where a slioDg heat is requive^ all apertmes 
leading into the chimney above the plaee vheRe the fuel rests 
ought to be closed, and any of the apertutet leading into the 
chimney from any furnace not in me muat also be ^ut, (Stherwiae 
cold air rushing in by them reduces the tmnpesature of the warm 
ascending current, umI consequently reduces also the temperature 
in those furnaces in use^ by preventing se rapid a eoosumpUapi of 
the fuel. 

228. Where many furnaees play iuta one ehimiiey, if it be not 
sufficiently large, only part of them ought ta be vysed at the same 
time. 

229. If the smoke from a comuoA fire be not carried up the 
chimney, and if there be safficient air allowed to enter by the 
doors or windows, then, hy closing the aperture between the top 
of the fire and the chimney, so that no air csm have access to it 
except through the fuel, the smoke ma^ hn general be prevented 
^rom returning. 



o4 CHLORINE. 

'230. All furnaces where a steady and r^;ulated temperature is' 
required, must be provided with ash-pit doors, by which a fixed 
and steady supply of air can be admitted, and regulated so as to 
produce a powerful or moderate heat. But cutting off altogether 
the supply of air, the fuel may be kept unconsumed for any length 
of time. 

CHAP. XIIL— CHLORINE. 

231. Chlorine is a greenish-yellow coloured gas, formerly called 
©XYMURf ATic Acid. It has a pungent suffocating odour, acts 
with great energy on metals, and numerous inflammable sub- 
stances abounding in hydrogen ; all vegetable and animal colour- 
ing matters, and offensive effluvia from decomposed animal or ve- 
getable matter, are quickly destroyed by it. Experiments with 
chlorine and its compounds should be performed so that all the 
noxious fumes may be carried away. 

232. Heat cautiously in a retort 1 ounce of binoxide of manga- 
nese in fine powder, with 3 ounces by measure of aqueous mu- 
riatic acid ; put the acid first into the retort. Collect the chlorine 
gas at the pneumatic trough (see 107), having heated the water 
previously to 90 ; chlorine is condensed by cold water. Remove 
ihe retort when the gas comes slowly away, to prevent accident 
from regurgitation. 

- 233. Muriatic acid consists of hydrogen and chlorine, and two 
particles of it with one of binoxide of manganese produce chlorine 
gas, water, and muriate of manganese, which remains in the re- 
tort. Symb. 2HCl&:Mn = Cl&H&HClMn. 

234. If a jar of chlorine be required quickly, put a table-spoon- 
ful of chloride of Hme (common bleaching powder) into it, and 
pour upon it an equal bulk of aqueous muriatic acid. The mu- 
riatic acid unites with the lime, and displaces the chlorine ; it is 
cot procured sufficiently pure in this way for some experiments. 

235. Kindle a suspended candle, and introduce it into ajar of 
chlorine ; it attracts hydrogen from the inflammable matter, car- 
bon is separated, a;nd the candle burns with a lurid flame. 

236. Into a detonating jar, 2-3ds fiiU of chlorine gas, introduce 
coal-gas till it is filled, invert quickly and apply a light; an ex- 
plosion ensues, the chlorine takes hydrogen from the gas, pro- 
duces muriatic acid, and carbon is deposited. 

237. Mix equal bulks of chlorine and hydrogen gases in a de« 
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tanating jar, and apply a light; they combine witt^.explosion, 
and produce muriatic acid gas. 

23& Pour antimony in powder through a funnel into chlorine 
gas ; it takes fire as it combines with the chlorine. 

239. Introduce . copper.leaf suspended in an iron cage into 
another jar ; it also evolves heat and light as it combines with the 
chlorine. 

240. Make a solution of chlorine in water, proceeding in the 
manner described in IGl. 

241. Add a portion of the solution to water tinged with v^e- 
table blue ; it is immediately bleached, the chlorine decomposing 
the colouring matter by taking hydrogen from it. 

242. Chlohate or potassa, composed of chloric acid and po- 
tassa, is formed by the action of chlorine, water, and potassa; th^ 
chloric acid consists of chlorine and oxygen, and both these ele- 
ments are separated from the chlorate in numerous experiments. 

243. Put a tea-spoonful of powdered chloi-ate of potassa into an 
ale-glass, cover it with aqueous muriatic acid. A deep green-co- 
loured gas is evolved, composed of chlorine mixed with a gaseous 
compound of ciilorine and oxygen ; paper, previously dipped in oil 
of turpentine, is immediately inflamed in this gas. 

244. Into another ale-glass, put a tea*spoonful of the crystal^, 
after filling it with cold water, and throw upon them five or six 
chips of phosphorus, each about the size of a pea. Fill a pipette, 
Fig. 63, with aqueous sulphuric acid, allowing the acid at plff* At 
first to drop through it, that all air may be expelled ; 
then leave it in the glass, the extremity resting upon the 
crystals of the chlorate. As the acid slowly descends, it 
takes potassa firom the salt, and disengages a compound 
of chlorine and oxygen, which inflames the phosphorus 
under water. \ / 

245. Triturate briskly in a mortar half a grain of chlo. \ \ 
rate of potassa with as much sulphur; it quickly takes h 
oxygen from the chlorate, producing an explosion. ) 

246. All these experiments must be cautiously per- 
formed ; the gaseous compound of chlorine and oxygen 
explodes violently when gently heated. Many accidents 'j 
have occurred from mixing chlorate of potassa and aqueous sul- 
phuric acid in tubes and retorts. 

247. Mu&iATic or HyDRocHLo&tc Acid is a gas (see page 8), 



5« 



MUmiATIO ACIB. 




• which 1b coadensed in lu]ge ^oantitj by iratv, fttmliig tte eom. 
mon aqueous muriatic acid, and often termed Srair or Salt. : 
248. Heat strong aqueous muriatic acid as it is obtained fe>m 
the manufiictory ; muriatic acid gas Is ex- pfg. qi. 

pdled from it, and may be collected in a 
ISask or bottle as shewn in Fig. 64. When 
full of gas remove the tube, close the 
mouth by the thumb, and pUce^ it, vith 
the mouth downwards, under water co- 
loured by vegetable blue; on remoiving 
the thumb the water is ibroed with great 
rapidity into the bottle by the pivsnire of 
the air as it combines with the gas, the 
vegetable blue beii^ reddened- 
- S49. Mix S drams by aaeasure of aqaeeas tutpArarlc add In m 
iUk with an equal bulk of waiter ; when oold, poor it upon 200 
gnins of eonunon salt in a vetort, and a]^ly heat, introducing the 
bei^ of the retort into a receiver l-8d full of water, wludi most 
he IcepC eold; the beak of tlie retort should not be placed under 
die water. Tlie sulphuric acid causes a decomposition of Hie 
common salt, which is composed of chlorine and sodium, and ef 
fhe waiter ; chlorine irom one and hy^^ogen from the other pro- 
dttce muriatk acid gas, whidi la condensed by the water in the 
leoeiTer. Sulplwiric acid and soda, composed of sodium and tiw 
Qsygen of the water, remain in the retort, forming sulphate of 
soda. Symb. !SaiaNa&-H » IS-Na&HCL 

250. Mis aqueous nitric and aqueous muriatic acids in a f]ask» 
and apply heat Oxygen from the nitric and hydrogen from the 
muriatic add combine and foim water, nitrous add and dilorino 
are then set at liberty. Symb. : : N&HCl » • INdi-H&CL 

This mixture is termed Nitbomuriatic Acid, and also Aqua 
Regia, as it dissolves gold ; it ii much used in dissolving metals 
when chlorine is required. 

251. Add a solution of nitnte of silver to a solution of chlorine 
or common salt in water, or to diluted muriatic cft nitromuriatic 
add ; a white curdy-looking compound immediately ftlls, com- 
posed of chlorine and silver ; it assumes a dark tint when exposed 
to the light, and is termed Chloride of Silver. 

252. Iodine, bromine and fluorine are similar in their general 
properties to chlorine, but not so important. 



25a. Heat « few grains of iodine in a flaik; a beaotiful rielet> 
coloured vm^qux is obsenred, which condenses slowly in crystals. 

254. Mix a solution of starch with a solutioQ of iodine in wa« 
ter ; a blue compound appears^—the iodide of starch, Fnt a little 
into a flask, and pour boiUng water upon it till the colour disap- 
pears ; immediately afterwards pour it into cold water and the co- 
lour is restored* 

255. Iodine is obtained from sea-waxi^ after subjecting it to a 
number oi complicated processes. A oompound of iodine and po- 
tassium is much used for medicinal purposes, and in testing seve- 
ral metals. 

256. Add a few drops of a solution of the iodide to starch ; no 
effect IS produced. Add to the mixture a drop 'of chlorine water 
or of aqueous sulphuric acid to detach the iodine ; it immediately 
produces the blue iodide of starch* 

CHAP. XIV.— METALS. 

257« Metals are seUom obtained in tfme fonn in nsUire ; ithey 
axse generally combined with oxygen, sulphux^ or ohloriao^ and ^ 
ten also with sulphuric, nitric, carbonic, and phosphoric adds. 
In preparing th^n from the minerals in which they occ«r, they 
are said to be ksdu^ed from their oavs. Charcoal b employod 
to take away oxygen ; and lime^ carbonate of potasta or soda, or 
iron, to remove sulphur and chlorine. Where there is much; 
earthy matter mixed with the are of a common metal* alkdUs, 
glass, or other earths are added, so as to fiirm a fusible compound; 
with them, through which the metal may &11 ; the substance add», 
ed is usually called a p^lux, as it promotes the flowing or jnelting 
of the different ingredients which might otherwise prevent the 
particles of the metal from running together. 

258. M6tals are distinguished by their peculiar lustre and opa*^ 
city ; many of them are very malleable and ductile, being easily 
extended into thin leaves or drawn into fine wire. They are. 
good conductors of heat and electricity, unite with many non>me« 
tallic bodies, when they lose in general all their luatre, and as^ 
sume an earthy appearance. 

259. Compounds of metals with oxygen, chlorine, and iodine^ 
are termed Oxides, Chlorides, and Iodides. With sulphur, phos- 
phorus, and carbon, the compounds are termed Sulphurets, Fhos- 
phurets, and Carburets. When an acid, the name of which terml*; 
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nates In ic, unites with an oxide, the name of the acid in the com- 
paund is made to terminate in ate. Thus, nitric acid uniting with 
potassa produces nitrate of potassa. 
' 260. The metals are divided into three great classes : — 

I. Kaligenous METAI.S, which produce alkalies when com- 

bined with oxygen. 
II. Terbigcnous Metals, which form earths of different 
kinds as they combine with oxygen. 
III. Calcigenous or Common Metals, whose oxides have 
long been called calces. 

CHAP. XV POTASSIUM, POTASSA, NITRATE OF 

POTASSA. 

261. The most important kaligenous metals are potassium and- 
sodium, which, with oxygen, form potassa and soda. These have 
been termed Fixed Alkalis, as they are not easily converted 
into vapour, but ammonia, the volatile alkali, is a gas at natural 
temperatures. The alkalies turn vegetable blue to green, yellow 
turmeric to a reddish-brown, corrode animal and vegetable sub. 
stances, and form soaps with oily and fatty substances. 

262. Potassium is procured from potassa, by heating it power- 
fully with charcoal or iron ; the process requires much attention ; 
none who are not well acquainted with chemical manipulation, 
should attempt to prepare it. 

263. Throw a grain of potassium upon water ; it takes fire and 
bums upon the surface of the water ; potassa is formed, which is 
quickly dissolved. 

264. Boil, in an iron goblet, 1 pound of newly slaked lime, in 
fine powder, with an equal weight of carbonate of potassa and 10 
pounds of water ; the carbonic acid unites with the lime, the po- 
tassa is left in solution. Put the mixture into an earthen or glass 
funnel, obstructed by a few fi-agments of glass and a piece of linen 
cloth; collect the solution in bottles as it escapes, drop by drop. 
Exclude it during its preparation, and afterwards, carefully frori 
the air, otherwise the potassa attracts carbonic acid. 

265. Fused potassa (common caustic) is procured by evaporat- 
ing the solution, and fusing by an increased heat the dry matter 
that remains. 

266. Add a solution of potassa, of the carbonate of potassa, or 
of the bicarbonate, to water tinged with vegetable blue. A fine 
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green i3 perceived. Add, drop hy drop, aqueous sulphuric, nitric 
or muriatic acid, to the green liquid ; the add combines with the 
alkali, and the blue colour is at last restored. Similar experi- 
ments may be performed with other acids. 

267. The quantity of potassa in potashes or pearl-ashes is as- 
certained by the action of acids ; every 49 gnina of aqueous sul- 
phuric acid required to restore the blue colour in a solution of the 
alkali tinged by the colouring matter of the cabbage, indicating 
48 of potassa ss K+0. As acids and alkalis combine, they lose 
their causticity as well as their power of affecting vegetable co- 
lours, and are said to neutralize each other. 

268. Bum a few small pieces of wood, collect the ash that re« 
mains, pour water upon it, and add vegetable blue. Potassa is 
found in solution, which turns the blue to a. green. The pot- 
ashes of commerce are prepared from the ashes of burned wood. 

269. Expose pearl-ashes (impure carbonate of potassa) to the 
air in a cup or plate ; they soon deliquesce. (See 32.) 

•• 270. Heat'an ounce or two of nitre in a crucible i it soon melts, 
and if heated much, oxygen escapes, but na combustion^ is ob- 
served. Pour upon it while red hot small successive quantities of 
sulphur and charcoal in fine powder, avoiding the fomes; the 
charcoal and sulphur bum quickly as they receive oxygen ficom 
the nitre. 

. 271. Throw some nitre upon red hot cinders ; they burn with 
great rapidity. 

272. BisscAve nitre in boiling water, so long as any is taken up ; 
crystals of nitre in six-sided prisms appear as the solution cools. 

273. Dip paper into the solution which remains above the crys- 
tals, dry it, and apply a light ; it bums quickly, in the same man- 
ner as common match paper. 

274. Mix intimately 73 grains of nitre, 15 of Sulphur, and 10 
of charcoal. The mixture deflagrates like auNPOWDER when 
heated ; machinery is required to give it the granular appearance 
of gunpowder.. 

275. Mix 600 grains of nitre, 200 of sulphur, and 100 of sul- 
phuret of antimony. This mixture is termed the blue signal 
light, which is seen, when inflamed, at a great distance. 

276. Nitre occurs in the soil in India, and is also formed artifi- 
cially. In all deflagrating mixtures containing nitre, oxygen is 
rapidly transferred from the nitric acid to the inflammable matter. 

277* Heat J^itaetrate of Potassa ^Ceeam op Taetae)» con- 



lAMag of tartaric adi and potaan, m a cmdble ; it is aoon hlmk^ 
eaed, as the tartazic add la decoBBpoacd. A aauUl fuanUt j held 
on a dip o£ ^asa pffoentstfae aame appearance. Water poured 
upon the black matter diasolf ea the potaaaa; it may be tried hj 
the vegetable Uue, whidi becomes green aa befoiew 

27& Heat in the same mamier equal ireights of cream of tar^ 
{or and nitre ; the potaaaa of both lemaimi united with carbonic 
add, whidi is fittmed as the carbon of the tartaric add unites witk 
vxygen from the nitric add in the nitre. In thia manner very 
pure car bonate of potaasais fimned. 

279. Add a solution of tartaric add to a atrong' aohition of an^ 
sak of potaaia; crjstala of cream of tartar aoon aj^ear. Cream 
of tartar is usoaUjprgcurad &am te juice of the giapc^ heiiig de« 
poaltcd in cETBtals. 

CHAP. XYL— SODA 



t ai 4 cBiTgtB iL SodioBa and aada are d- 
mihr to potaidmn and potaaaa in all their leading prapcrties. 
fioda IB obtained priadpallj firoai oonamaii aalt and aqueoaa suL 
phviie acUt» whra the cfaangca deaciibed in £4flL take phu^e. The 
iMlpburie add ia vithdaam aflcrvaidi^ and nqdaced bj carbonic 
add on heating the sulphate of soda with charcoal and ehalk; 
Water dtssrires the carbonate of soda, wiiich is tiien oryttalUaed, 
forming the compound usually termed soda. 

981. Kstp and Babilia are the ashes that remain after bum- 
ing sea-ware. Soda has long been extracted from tiicm by the 
action of water. 

282. Chloobiins or Sodium or Coxmoh Salt = 36 ddorine 
+ 24 sodium = 60. When procured by evaporating aea. water 
slowly by the action of the sun in warm climates, after allowing 
it to oTorflow fields from which the sea is afterwards excluded, it 
is termed Bay-Salt. Pav-Salt is obtained by boiling rapidly 
sea-water in an iron pan. Rock-Salt is the term applied when 
it is dug out of salt miaei^ many of which are found in different 
parts of the globe of great extent, and containing often very pure 
salt. 

883. Common salt crystallizes in cubes, which are often asso- 
dated so as to form hollow pyramids. 

284 Throw some crystals of faay.«alt upon a red hot plate of 
iron, they &U in pieoos quickly with a loud decrepitating noise ; 



C9MMO» SALT. 41 

. t^ exlwHciwBler Btnst arM. the fw ipji e tito as tile ci^vUls 
break. 

285. Diasolve common -adt in boUiog water, and add a solutkin 
of carbonate of soda ; if common aslt be pare no eff^ is seen, 
but if any magnesia be present it soon appears as a white powder. 

286. When magnesian salts are mixed with common salt, which 
is often the case, it is very apt to attract moisture, and acquires a 
bitter disagreeable taste ; it is also much less fit for curing meat* 

287. BiBORATE OF SoDA or BoBAx contains two particles of 
boracic acid and one of soda, with water of crystallization. Heat 
l!00 grains in a crucible capable of holding 800 ; the water is ex* 
pelled ; the dry borax is fused into a transjiarent and colourless 
glass. 

288. Mix a tea-spoonful of powdered borax with an equal bulk 
of aqueous sulphuric add in an evaporating basin, add half an 
ounce of alcohoL Heat the mixture and kindle the alcohol ; the 
sulphuric acid unites with the soda, and the alcohol bums with a 
beautiful green flame, in consequence of the presence of the bora- 
dc add. 

CHAP. XVIL—AMMONIA.* 

289. Ammonia 17 » nitrogen 14 •)» 3 hydrogen ae NH'. A 
gaseous compound, alkaline like potassa, and often termed spirit 
of hartshorn, being formed when the horn of the deer and moA 
animal substances are heated, the air being excluded ; it is also 
formed in large quantity during the preparation of coal-gas. It 
is usually combined with muriatic aeid, from which it is separated 
again by lime, to prepare it free from the ofi&osive odour of ani- 
mal matter, which at first it always jwesmts. Being condensed 
in large quantity by water, it is usualfy* employed in eomblnation 
with this substance. 

290. Heat half an ounce of strong aqueous ammonia in a small 
flask, receiving the gas, which is lighter thanahr^in another flask, 
as in Fig. 65. . The air is soon expelled, and then the flksk nnist 
be removed, proceeding as described in 248. The coloured wefx 
ter is forced with great rapidity into the- flask by the pressure of 
the air as the ammoniacal gas combines with it, and immediately 
becomes green. 

291. Put a dxam of strong aqueous muriatic add into any flask, 

* Ammonia is inserted here« though it contains no metSHlc matter, as it ifi vety 
siinUar to the dkaliei in moit of ita properties. 
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Tase, or bottle, and a dram of strong aqueoat aminonia into ano- 
ther, then connect them by a tube passing through a cork which 
fits the bottle, Fig. G6. White fumes of muriate of ammonia, or 
sal-ammoniac, immediatelj appear. 



Fiff. 65. 





292. If no apparatus peculiarly adapted for the preparation €i 
ammonia can be procured, mix 150 grains of muriate of ammonia 
with 100 of slaked lime in fine powder; heat the mixture in a 
^lass retort by a lamp or chauffer, and condense the gas in a re- 
ceiver half full of water. Shake the receiver frequently, but al- 
ways keep the beak of the retort out of the water.r 

293. Hold test papers above aqueous ammonia ; the ammonia- 
cal gas escaping from the aqueous ammonia affects them in the 
same manner as potassa. Expose them to a very gentle heat, the 
.ammonia is expelled, and the original colour is restored. 

294. Prepare sulphureted hydrogen gas in a phial with a bent 
tube. Fig. 67, passing the gas into ah ounce of com- 
mon aqueous ammonia contained in another phial ; 
a large quantity combines with the ammonia ; the 
solution is now termed Htdrosulphuret of Abc* 
XONIA, and is often much used instead of sulphu- 
reted hydrogen gas in testing metals. 

295. Dissolve oxalic add in water, and add car- 
bonate of ammonia till the solution no longer red* 
dens the blue test-paper; the oxalic acid unites 
with the ammonia in the carbonate, expelling the carbonic acid 
with effervescence, 

296. Heat a little of any .salt suspected to contain ammonJv 



Fig. 67. 
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with an equal bulk of slaked lime in a test-tube ; ammoniacal gas 
is expelled if any be present, aiid may be recognised by its odouT^ 
or by the white fumes it produces when brought in contact with 
a rod dipped in muriatic acid. Soda or potassa may be used in- 
stead of Hme. 



CHAP. XVIIL— LIME, PLASTER OF PARIS. 

297* Earths are composed of metals and oxygen, in the same 
manner as the alkalis, potassa and soda ; four of them, lime, ba- 
ryta, strontia, and magnesia, resemble alkalis, but they are not 
fused by heat, they are less soluble in water, less caustic, and form 
insoluble compounds with carbonic acid. 

298. Limestone, Chalk, Mabblc, and Calcabeocs Spab, 
are composed principally of carbonic acid and lime, and are called 
Cabbokates of Lime. Heat a few fragments of limestone or 
marble in an open fire ; 50 parts of pure carbonate lose 22 of car- 
bonic acid gas, and 28 of lime remain. In this condition it i^ 
termed Quicklime, or Bttbked Lime. 

299. Dip quicklime into water, remove it immediately and co* 
ver it. It soon sweUs, and falls to powder, combining with the 
water it had absorbed ; the compound is termed Slacked Lime^ 
or Htdbate of Lime. 

300. Put a table-spoonful of slacked lime into a beer bottle 
nearly full of water ; shake the bottle, and allow the undissolved 
lime to subside ; or filter, excluding the air, if a solution of lime 
be quickly required. It is termed Lime-Wateb. Try it with 
vegetable blue and turmeric in solution ; it affects them in the 
same manner as alkalis. 

301. Expose lime-water in any vessel to the air. It soon at- 
tracts carbonic acid, and a crust of carbonate of lime appears upon 
the sur£Eice. Mortar used in building is composed of sand and 
lime mixed with water, and hardens as the lime attracts carbonic 
acid. 

302. Put 1 or 2 ounces of lime-water into a glass jar^ and add 
carbonic acid water (180) ; carbonate of lime falls ; add more car- 
bonic acid water and the carbonate is dissolved. Many natural 
waters contain lime dissolved by excess of carbonic acid ; exposed 
to the air, the excess escapes, and carbonate of lime is deposited, 
encrusting with a stony matter any substance upon which it may 
falL ' ■ ' 
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303. Pouf aqueous muriatie' add diluM with twice its bulk of 
water upon fragments ef caslMNnale of lione^ so long as anj e&r- 
vesoence appetrai The changes described in 177* take plac& 
Any minenil which dissolves witfi effenrescence in dilute muriatic 
acid, and which gives a mass that slacks like lime after heating 
to redness for some time, may be regarded as a limestone. 

304. Take the solution of muriate of lime prepared as above 
(303) ; pour a portion into 5 or 6 wine glasses ; leave on^ as it is, 
and add diffev^t quantities of water to the rest. On mixing 
aqaeoua sulphuric acid with each, difierent phenomena are pre- 
sented. Where no water is added, the mixture becomes solid, 
sulphate o£ Ume falls, composed of su^uric acid and lime, mu* 
riatic acid gas escapes, which must be avoided. In the others, 
the muriatic acid is retained by the water, and the sulphate of 
Bme is pvec^itated unless a laige quantity of water be present to 
dissolve it. 

. 309. Mix with water powdered sulphate of lime (which has 
been heated previously to expel water) so as to form a thick fluid 
like cream. Put it in this condition into any mould, or upon any 
coin, so as to take an impression ; it gradually combines with the 
water, and forms a solid compound. The powder is usually term* 
ed piaster of Paris, as the mineral from which it is made abounds 
at Paris. It is usually sold fit for mixing with water. 

dOOL Add a solution of carbonate of soda to a solution of mu- 
riate of lime; carbonate of lime fidls, the other substances remain 
in solution. 

307. Add oxalate of ammonia to any solution of lime^ neutra* 
lizing it at first with ammonia if it be acid ; oxalate of lime, which 
is very insoluble, immediately appears. 

308. Mtriate of Liue in powder attracts moisture quickly 
from the air, and is much used in drying gases. 

309. Chlouds of Likje is formed by exposing slacked lime 
in powder to chlorine gas. Water dissolves it abundantly, and 
the solution is much used as it abounds in chlorine. The chlo- 
rine acts most effectually when adds are added to detach the lime. 



CHAP. XIX.—BARYTA, STRONTIA AND MAONBfflA. 

310. Baryta is similar to lime, and is used principally aa it 
detects sulphuric, acid when added to any solution containing it. 

311. St&oktia also resembles lime. It is used in the prej^ 
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Tation of d^flagraUng mixtures, where a bright crimson light is 
required. Mix muriate or nitrate of strontia with alcohol ixi an 
evaporating basin or metallic cup, inflaming it and* heating the 
jnixture. The alcohol bums with a crimson tint. A large sheet 
of paper dipped in the mixture and inflamed shews the tint very 
distinctly. 

312. Magitesia is found in bittern, the liquid that remains af. 
ter boUing down sea- water for the preparation of common salt ; 
it is there combined principallj with sulphuric and muriatic acicK 
It is also found in some varieties of limestone, and in many natu- 
ral waters. Magnesia is mild compared with the preceding earths^ 
and does not corrode animal substances, so that it is often given 
medicinally to neutralize acids. It is very sparingly soluble in 
water. 

313. Sulphate of Magnesia or Ep^om Salts contain sul- 
phuric acid and magnesia ; they are prepared by crystallization 
from bittern, or from natural waters in which it abounds. Fatal 
accidents occurring often in consequence of oxalic acid being mis* 
taken for epsom salts (sulphate of magnesia), the following cha- 
racters ought to be studied experimentally ; the last two may be 
seen by putting the materials in small quantity upon a aUp of 
glass, adding the tests in solution. 

Tefta. Oxalic Add. Sulphate of Magnesia. 

Taste. Add, Bitter. 

On red-hot cinders, Dissipated, White mass left. 

Vegetable blue. Reddened, No effect. 

Alkaline carbonates, Efiervescence, White precipitate. 

Symb, of Oxaiio Add. :C> » OHC^ or = •€+:€ » 36. 



CHAP. XX.— ALUMINA. SILICA. 

314. Alumina or oxide of aluminum abounds in clay, and is 
distinguished from preceding earths by its insolubility in water, 
and by being soluble in a solution of potassa. When uncombined 
it is insipid and inert. 

315. Alux is one of its principal compounds, and contains 
alumina, potassa, sulphuric acid, and much water of crystalliza« 
tion. Its solution reddens litmus, but scarcely affects cabbage. 

316. Add a little ammonia, potassa or soda, to a solution of 
alum ; it unites with part of tlie acid, and the alumina tails. 

E 
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317. Heat alum ios red Im€ iron cup; ^ otob ndtiy wader of 
crjTfltalliraUon k ei^eUed, and « fpongjr an» it obtained, tormed 

BU&VED ALUM. 

318. CoMMOv CI.AT nay be liised by « abairp heat, and be- 
eomes red befeie it melta, the inm it caataina atlractliig' oxygen. 

319. Fire-dajr is less fusible, and is used in preparing bricks^ 
which may be exposed in fumicea to a atrang beat. Fme wrie- 
ties of clay are used in the mawwfcctnre of cbvcibles, pottert* 
WA&x, and poacxi^AiK. 

320. Sii<ica consists of ailicom 8 + oxygen 8 ; it is^ like altnni- 
na, a ¥ery idHindaot earth, constituting the principal ingredient 
of fiinti^ of the sand of the sea and of the desert, and of many 
wcka and nuiera]& Qaartz is composed of dlica nearly pure 
Silica, in its ordinary form, is insoluble in water. 

321. Mix ittthnately 200 grains of fine sand, and 800 of pare 
«Mb(»iate of potassa ; fuse the mixture in a crucible capable of 
«ont«luiBg four times as much. Oirbonic add escapes, the sSitia 
tad potasaa comlmie and produce glass. Pour out the glass on an 
lioB plate, and dissolre it in water, the large qtiantity of alkaR 
randeiing it soluble in this fluid. 

322» Add to the solution muriate of ammonia, also in solution. 
The muriatic acid of the muriate unites with the potassa of tlie 
ghiss, and the silica fells. 

323. With less alkali, glass is formed insoluble in water. Com- 
mon BoTTUK Gi«ASs is made of coarse sand« and any alkafine salt 
or earthy matter which can lender it fluid when heated. Plate 
and Wivnow Glass are made with purer sand and attalL Flint 
Glass is composed of sindlar nuiteriak, with the addition of oxide 
of lead, which gives more weight and lustre to the glass, and also 
allows it to be worked at a reduced temperature. 

324. CoLouXED Glasses are formed by heating glass with va- 
rious metallic oxides. Cobalt gives a fine blue ; with xitoiganiese 
an amethystine tint is seen. Gold produces a ruby colour; cop- 
per and chrome give green. 

325. All vessels of glass must be cooled very slowly after they 
are made, or annealed, as this is termed, otherwise they are very 
easily broken. When a piece of any fused rock or glass is cooled 
with extreme slowness from a high temperature till it becomts 
jolid, it crystallizes, and presents the appearance of a iloae. But 
if cooled quickly^ a glassy substance is obsored* 



CHAP. XXI COMMON METALS, 

IRON. 

926, In ores of iron this metal is generally comltined with oxy* 
gen ant! earthy substances. Charcoal, heated with the ore, re- 
mores oxygen, and lime is added to unite with the earthy mat- 
ter, forming a fluid, in which the metal falls. When removed In 
this condition St is termed Cast-iro». PurifSed afterwards by 
ftision, and by hammering it when stiff and a^lutbiated, It be^ 
comes Malleable-irok. Steei. is produced by heating it sub- 
^uently in charcoal, becoming extremely hard when suddenly 
cooled. 

327. Put a tea-spoonfiit of iron-filings on a plate, moist^plng 
them from day to day till they become bust, by attracting oxy- 
gen from the air. 

3^20. Moisten a shnilar quantity in any flask or jar, and pour 
cautiously an equal bulk of aqueous nitric add upon them. It is 
njMtj decomposed ; nitrous add escapes, and the iron is oxi- 
dated. 

829. Prepare a coil of thin iron.wire, tie a thread at the extre- 
mity, dip it in melted sulphur, inflame it, and pig. 68. 
introduce it into a bottomless bottle of oxy- 
gen, after placing it in a baain with water, as 
in Fig. aSf witii a plate of iron, or some sand, 
below. The iron oxidates, the oxide melting 
and fttling throu^ the water. 

330. Mix, in a flask or. jar, the materials 
emplojred in preparing hydrogen, using iron 
instead of zinc. (See 112, 113, and 1^.) 
f^ter the liquid p rocured, and, if no crystals 
appear, evaporate the solution and set it aside, that green crystals 
of sncpHATE OF iROW may be formed. 

331. Fill a crucible half full of the crystals, and expose it to a 
dull red heat, red oxide of iron, called also peroxide, remains, 
the oxide in the sulphate attracting oxygen from part of the acid 
AS it is eixpdled by the heat. 

932, Compounds of the oxide with acids are usually green, but 
the ved oxide, which is nearly the same as rust, produces reddish 
compounds. Mix an ounce, by measure, of aqueous muriatic acid 
with 6 ounces of water and a small table-^x>oniul of the red 
oxide in a flask, keep the mixture in a warm place fi»r jN»ne hourt, 
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shaking it occasionally, and filter it afterwards, to separate tlie so- 
lution from any excess of iron. The compound is termed pes. 

IKCniATE OF IBON. 

333. Mix 500 grs. of flowers of sulphur with 1000 of bii^t 
iron-filings in a Florence fiask, and heat it on a chauffer of red 
hot cinders. Heat and light are evolved as they combine, and 
sulphuret of iron is formed. 

334. Dissolve 100 grs. sulphate of iron (oreeit vitriol) in 2 
ounces of water, and pour a few drops into 6 glasses, jars, or flasks, 
previously filled nearly full with water. 

I. Into one pour potassa in solution ; oxide of iron falls, com* 
bined with water. Expose it to the air, it slowly at« 
tracts oxygen, and becomes rust. 
II. To another, add carbonate of potassa ; carbonate of iron 

&Us. 
III. Add a little of the third to a large quantity of lime-water $ 

oxide of iron is again precipitated. 
JV. Add ferroprussiate of potassa in solution to the fourth. 
(See 4.) 
Y. Add to the fifth a drop of hydrosulphuret of ammonia ; 
sulphuret of iron is precipitated. HS+NH'&:S*Fe « 
SFe&-H&5S+NH'. 
In all these experiments, the sulphuric acid remains in so- 
lution with the alkali or earth in the precipitating solution 
employed. 
YI. Add an infusion of galls to the sixth ; gallate of iron, the 
colouring matter of ink, slowly appears. 

335. Dilute a little ink with water, and add chlorine water or 
oxalic acid ; the colour disappears. 

Repeat all these experiments, using a solution of the permu- 
riate of iron diluted in the same manner as the sulphate. Ob« 
serve the difierence of tint in most of the precipitates formed from 
this solution. 

LEAD. 

336. Heat lead to redness in a crucible or iron ladle ; it soon 
oxidates if ejcposed to the air, and the oxide melts. Bed oxide, 
or YELLOW OXIDE of lead, in powder, is obtained if it be cautious* 
ly heated without being fused. Observe the beautifiil iridescence 
%9f on removing the oxide from the sur&ce, a fresh portion of 
^etal is exposed to the air. 



LCAI»— COPPER. ;69 

. 3S7« BiMoIye 300 gn, of acetate of lead (sugar of lead) iir 4^ 
Qiuices of water, filter it» and pour a part into 10 different glasses; 
To the first six add the reagents described in 70. Potassa aiid 
lime sepaiiate the oxide. Carbonate of potassa gives carbonate 
of lead* The hydrosulphuret of ammonia ^7es black sulphuret 
of lead, and is much employed in detecting this metal in solution. 
AU the other substances produce white jirecipitates. 

338. To the seventh glass add sulphuric acid or any sulphate 
in solution x white sulphate of lead falls. To the eighth add mu- 
riatic acid or any muriate ; white chloride of lead appears. With 
the ninth mix a solution of iodide of potassium : yellow iodide of 
lead is precipitated. 

339. In the tenth, put a small fragment of zinc; it takes away 
all the acetic acid and oxygen, and metallic lead is slowly depo- 
sited in crystals. This experiment may be varied by dilutinj^ 
the solution with an equal bulk of water, placing it in a narrow 
glass, and suspending the zinc at the top of the solution. The 
lead appears in an arborescent form, producing what is commonly 
termed the Lead-1'ree. 

340. Acetic and nitric acids act most powerfully on lead, cor- 
zoding it, and forming compounds soluble in water. Oxide of 
lead is used in glazing pottery ware, and is often dissolved by vi- 
negar or other acescent substances, which then become poison- 
ous. Sulphureted hydrogen gas alone, or in combination with 
ammonia, is used to detect lead (337). Waters abounding in car- 
bonic acid corrode lead, and become unfit for daily use when kept 
in leaden cisterns. 

COPPER. 

341. Expose metallic copper to a dull red heat for half an hour, 
allowing the air to play freely upon it, and then plunge it sudden- 
ly under water; the oxide formed on the surface is speedily se- 
parated, and the metal presents its proper metallic lustre. 

342. Put several slips of metallic copper into 2 drams of nitric 
acid, diluted with twice their bulk of water. The copper is quick- 
ly dissolved, part of the acid communicating oxygen, the rest 
combining with the oxydated metal. 

343. Put a plate of iron into a solution of sulphate of copper 
(blue vitriol). The copper appears in the metallic form, the iron 
uniting with all the acid and oxygen previously combined with it. 



; IffbigneDtoef wbatf ^ »feir inn iiaii% M boiM «lt& an^r •<>. 
luUoii of€9i>perui«B«tii| the wMe «€ tlie eo^xr i* toon predi 
piUted. 

. 344. iydd»littkainmQi^ tea Mdiitioft«f copper ; tiM oxide is 
immcfliatpfey pfeei|Mtfttad^ ea addiag iBove^ Che Mqiiid assinnes ft 
de^ blue colour, and the oxide ia diaaelrvd. Copper «nd tyraM 
vessels (brass aonnite o£ copper and sikic) are fiwyiently corroded 
when incautiously used in some cuiinarf opeeaiUms; aa ita solu- 
tions ar« poiaoBoui^ liquida suspected to caa^adft it ouf^t to be 
tested by adding Mnmeniato thew^ ohaenriogif a deep blueceloor 
be produce^ which indicaites fclie pxeaeace of copper. 

345. Arrange six glasses, each containing a aolatiettef au^ihaite 
of copper, prepared in the aame marnier as Um sulphate of iron 
solutions described in 334. Add to them lAie testa dineted t« be 
iqpplied to the sulphate of iron ; simibr changes take plaee^ but 
the tints aise di^^eftfe. 

ZIN€* 

346. Zinc is a brittle metal, having a white colour with a. shade 
of blue. 

347- Heat a &w fragments of zinc to bri^ ledneaa in tm open 
fire, or in a crucible. The zinc is sooa coBfv«rted into vapour, 
and burns with a brilliant flame as it acta on the oxygen of the 
air« 

348. Melt 600 grainft of copper in a crucible, heatifig it to 
bright redness in a furnace, and coveriog it with a tea^poonfiil of 
salt or charcoal to exclude the air. Add 200 grains of zinc pre* 
viously well heated, that it may be freed from every trace of 
moisture, and mix them well by sikring with an iron rod. Brass 
is formed as the copper and zinc combine^ Remove any oxide 
when it is cold by a file^ and the yelbw colour of the bcass be* 
comes apparent. 

TIN, 

349. Tin has a brilliant white appearance when pue^ and ia 
malleable and ductile. Heat tin in a crucible ; it is seon covered 
with an infusible oxide. 

350. Four upon tin, in fragments, a little aqueous nitric add, 
diluted with an equal bulk of water; the tin quickly attract 
oxygen, and assumes the form of a white powdec 



BISMUTH--*ANTUiOKy— CIUROME. ^ H 

BISnTK. 

a»i. BkmtNSk k a Wttie neCai, having a vklte eokur with a 
^riiade «f red. Heated hi a cradble it oxidates much In the same 
manner as lead. It is distinguished by its great ftudbiHty, a pro- 
jierty •mtiUk many of its oompoiBidB abe iiresent. 

•52. Heat IIM gnms of bismuth with 408 of thi and 400 of 
lead in a crucible till they melt. A compound is Ibrmed so fusi* 
Ue that k becoBMsliqvid when hetted to 904. 

35X Melt half of the above in boHing water, and add 1^ grains 
t»f flWRUiy I the eonpound now becomes fluid at 17a Many 
toys aie made of this ce iup ort t fam, which melt when they are put 
intowanBflaid& 

ANTIMONY. 

9*4. This is a vcfy brittle metal, having a brilliant white oa- 
lour and metallic Insure. Mbc intimately in a crucible 400 gmlks 
of irsn-€lifigB and 800 of sulphuret of antimony, heat the mixtuK 
to hngfat rednes in a cmcihle, then add 100 grams of niti«^ ki 
^powder, when the crucible is cM; on bredcing it with a iumrner, 
the antimony will he seen bdow, and a eovipound of sulphiir and 
iron above The nitre promotes the separation of the antimony. 

36A. Mix 600 grasas of nitre, 200 of sulphur, and 100 of sirf. 
pfauret of antimony; place it i^n an iron or earthen cup, and 
apply a Hghted match. A brilliant deflagration takes place ; the 
mixture is termed the Bi.xrE SievAL-LioHT. It can be seen at 
the distance of 60 miles. 

CHROME, MANGANESE, ABfflBNIC, AND COBAI.T. 
360. Cnnonc-^The moat important compound of this metal is 
the bichromate of potassa, whidi is commonly prepared by heating 
the ore with nitre, when the chrome becomes diromic add by at- 
tracting oxygen from the nitre; it combines at the same time 
_ with the potassa, part of which is afterwaids withdrawn by another 
add. 

357« Heat a few grains of tlie biduomate to redness ; part of 
the chromic add loses oxygen, and becomes green oxide of chrome. 
356. Prepare 4 glasses, each containing a little of the bichro- 
mate in solution. 

I. Add to one carbonate of potassa in solution ; it eombinea 
with the excess of acid, and yellow cfaromate of potasaa 
is formed. 
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II. Proceed as in 14, page 3. 
Ill* Add nitrate of mercury in solution to the third glass ; 

chromate of mercury fidls in the form of an onuige- 

coloured powder. 
IV. Mix a few drops of a solution of nitrate of silrer with th^ 

bichromate in the next glass. Brick-red chromate cf 

silver is seen. 

359. Mix intimately 95 grains of the bichromate with 110 of 
common salt i heat the mixture in a retort with 2} drams by 
measure of aqueous sulphuric acid. Chlorine and chrome, or 
oxide of chrome, combine and produce a brilliant ruby-coloured 
vapour, CHLoaocHBoscic Acid, which may be condensed in a 
receiver; avoid the fumes as the process advances. Pour the 
product into three wine glasses, and add cautiously a drop of al- 

. cohol to one, of aqueous ammonia to the second, and a grain or 
two of sulphur to the third. In each case, heat and light appear, 

. from the action of the chlorine on the hydrogen of the first two 
compounds, or on the sulphur, and green oxide of chrome is at th« 
same time seen. These substances should be suspended at the 
extremity of a long cane before they are added to the fluid. 

360. JVIakoanese. — Heat 100 grains of the binoxide (common 
peroxide) of manganese with 300 of nitre, in a crucible, to red- 
ness for half an hour. It attracts oxygen from the nitre, and 
unites with the potassa; water dissolves it, giving a fine green- 
coloured solution, which becomes purple and of a pinkish hue as 
it is merely exposed to the air, or diluted with an additional quan- 
tity of water. Hot water induces these changes much more 
speedily than cold water. See 103, I07. 

361. AnsEKic^-The violent poison known by this name con- 
sists of oxjgen and the metal arsenic : it may be distinguished by 
the following characters. Heat a grain in a dry test tube ; it is 
volatilized, and condenses on the sides of the tube in crystals, 
which have a brilliant lustre. 

362. Heat a grain in another tube, after mixing it with twice 
its bulk of charcoal. Metallic arsenic condenses on the side of 
the tube, presenting a steel-grey lustre. 

363. Mix a little with a drop of a solution of nitrate of silver, 
and add a minute quantity of potassa, yellow^oloured arsenite of 
silver is seen. Treat another portion in the same way with sul- 
|jhate of copper ; a similar action takes place, and grass-green ar- 
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senite of copper appears. Add a IHtle boiling water in both cases 
if the prpper tint is not seen at first. 

364. Cobalt.— .Write on paper with a dilute solution of inu. 
riate of cobalt; nothing is observed When it is dry; heat it, and 
the characters traced with it appear of a fine blue colour. If the 
Solution be mixed previouisly with common salt, a green tint ap« 
pears. The colour fades again on cooling. 

MERCURY, SILVER, GOLD, AND PLATINUM. 

365. Mercury or quicksilver. Boil 10 or 12 grains of mercury 
in a test-tube, holding it in the fiame of a spirit-lamp. It rises in> 
Vapour, and condenses in brilliant globules in the upper part of 
the tube. 

366. Heat 20 grains of mercury in a small evaporating basin, 
with 1 dram by measure of nitric acid ; much gas is evolved ; the 
mercuiy takes oiygen from part of the acid, and combines with 
the rest. Heat the liquid till a dry mass appears, and then in* 
crease it gently till it becomes of a very deep red. Binoxide of. 
mercury is thus obtained, which brightens as it cools, and presents 
dmall crystals. Heat a few grains in a test tube, placing it in a 
spirit liunp ; oxygen is expelled, and the mercury volatilized, con* 
densing ultimately, as in 365. 

367. Mix 20 gnuns of mercury with l>3d of the acid directed 
above, dilute it with three times of bulk of water, and allow the 
action to go on with little heat. A nitrate is formed, in which 
the mercury has little oxygen combined with it. 

368. Heat in a test-tube, as in 365, 20 grains of mercury and 
3 grains and i-^th of sulphur. They combine, and produce Yer- 
aiiLLioy, or Bisulphuaztt of Mebcu&t, which assumes its 
usual tint when reduced to powder ; it is obtained with a brilliant 
hue only by slowly or repeatedly subliming it. 

360. Heat 20 grains of mercury and 25 of iodine in the same 
manner ; a brilliant yellow biniodide is produced, which soon as- 
sumes a scarlet hue. 

370. Dissolve a few grains of BiCHro&iD^ of Mebcvrt, a 
virulent poison, in an ounce of water, and divide it into 4 por- 
tions. Fotassa and lime-water separate binoxide, the mercury 
deriving oxygen from the water. Iodide of potassium produces 
biniodide of mercur}% Hydrosulphuret of ammonia gives bisul- 
phuret of mercury, dark in colour till it is sublimed. 

Animal and vegetable matters subject to decay in damp situa- 
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Uin% tf wi>od aad «aaf«iy am oftn flfeee];>ei in A lolutioii ^^ ^ 
bichloride to preserve them. 

SJU Put a piece «f tia-fcil^ 2 inches long by 1 broad, npon a 
sheet «f paper; drop a liUle mercuxj upon it, spreading it upo« 
the tin with a hare's foot. Cover it with a slip of paper twice ita 
own lengthy and jplaee ever the paper M»y plain piece of glass. 
On drawing out the pap^, pressing down the glass all the time^ 
the tin and mercury adhere to the glass, so as to produce a small 
looking-glass. 

372. SiXrVKB*— This metai is distinguished hy its pure wiiite 
Cbloor and btiUiaBt lustre. It is vexy malleable and ductile. 

373b Add silver in fragments, so long as it is dissolved, ta 
aqueous nitric acid, exposed to heat, and diluted with three times 
its bulk of water. Part of the acid is decomposed, oxidatixig the 
metal, and the remajning portion oombines with the oxide, fonn* 
ing nitrate of silver. Crjsti^ are deposited as the solotioB cools 4 
when these are fined to expH any adheriag water or exoesaef 
add, common Ijuvmm, Caustic is procured. 

374. Fuse half a grain of ailiate of silver on a slip of glas^ 
heating it by the ftone of a las^ AU the aitrle add and oxy§(m 
tote expelled $ aetalHe silver alone remains. 

375. Dissolve 20 grains of nitrate of silver in an mimoc of natcr, 
to be used as a sdutioD lor experhoMBts with silver. Arraqge 6 
glasses with water, adding to each a few drops of the saiatkm of 
diver, and afterwards the following tests in solution. 

376. Potassa sepaiates oxide of silver as an ash.g]9ey powder* 

377. Carbonate of potassa precipitates carbonate of ailviec. 

378. Lime predpitates oxide of silver. 

379. Muriatic add, chlorine, and common salt, prec^itate chie* 
ride of silver. 

380. Chloride of s^ver is white and ciirdy, bnt assumes a dailb 
colour on exposure to the light. 

381. Put a fragment of copper into one glass, of nine iate 
another, and a few grains of mercury into a third ; on cevei^ 
each with a fittle of the sc^atmn of mtrate of sUvec^ metalfie sil- 
ver soon appears, a corresponding quantity of the ether metal 
which predpitates it being dissolved. 

382. Write on a piece of linen wkh a pen dipped in tiie solution 
of the nitrate^ and, when dry, immediatdy spread npon it a solu- 
tion of potassa or soda. The oxide of silver is left insoluble npon 
the diAh, and soon darkens in its tint, leaving a permaoent marie 
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4ipon ilie clotli. A mAutiai oi the nitrate fcntas < 
ink. The alkali is used to remaTe tke nitric acid, and prevent the 
.doth from heiog corrodfid* X eerbomited alkali, aa eomtikon aoda, 
is often uaed instead of the purer i^kaU; 100 gi^m iBoay bedim 
Bolved for this purpoae ia an ounce «f w^er. 

383. Gouk— .TbU metal is diatinguiabed ^f ittf auUe^ilitj 
and fine jellov colour; it Is fouad principally in a pme ibniL 
Gold-leaf is so thin that 282,000 are required to make up the 
thickness of an inch. In gilded silver. wire, the gold is leas than 
the 3,000^000th part of an inch ia thickness. It is not affeeted 
bj air or oxygen at any temperature, and cmamonaddB hste no 
action upon it. 

384.. Put four or five gold leaves iato an erapemtiog baain ; 
pour upon them a few dr»g» of nitric and of muriatic acidai 
Chlorine from the muriatic acid quickly dissolves the gokU £vi^ 
porate the solution to dryness, so as to expel excess of acid ; ter- 
chloride of gold remains. 

385. Dissolve the tercfaloride in 30 or 40 drops of water. Dip 
« slip of i^ass into the solutien, and heat it ever a lamp ; the dllo- 
rine ifi expelled, and m/^alBc gold remains* On looking tfarougk 
the glass, a purple tint ia often aeeaau Write opaa the palm of 
the hand with a pen dipped in a soAutioB of the terehkrkie ; it ao- 
quires a purplish tint, which dlaai^ieaxB ia a few day» 

386. Heat a slip of glass in the flame of a lamp^ toudi pewderel 
borax with it, wlien it immediately adliCTe&. A drop of the bdIiw 
tioQ is then to be put upon the borax, when it is to be heated by 
a lamp, taking care not to samfae it. A beautiful ruby-^okuced 
compound appears ; metallic g^ ia afterwarda ebaerv^ if the 
heat be continued long. 

387. Put three drops of the 8<dutian upon pa|>er^ Mid add the 
IbUowing tests in aolution. 

Sulphate of iron, which precipitates mptallir gold of a dark co» 
kur, being in a minute state of divisioa. 

388. Muriate of tin produces a purple precipitate^ contaiaing 
gold and oxide of tin, and usually termed the Purple Precipitate 
of Cassius. 

389. Hydrosttlphuret of ammonia produces a dark coloured suL 
phuret of gold. 

390. Plativum is a metal much prized in making crucibles^ 
capsules, and numerous other articles of chemical a))paratus, as it 
is scarcely afiected by any ordinary chemical agent, many ef which 
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comtie other metals. It is also very infusible, not being melted 
by the heat of any common furnace. 

' 391. Dissolve 5 or 6 grains of platinum wire in a dram of nitric 
•flicid, mixed with an equal bulk of muriatic acid. Add more acid 
if it be required, and evaporate cautiously to dryness. Bichloride 
of platinum is obtained : dissolve it in 1 or 2 drams of water. Add 
a solution of iodide of potassium to a part of it ; a deep coloured 
compound immediately appears. 

392. Add a solution of muriate of ammonia to another por- 
tion ; a compound of this substance and the platinum is soon 
precipitated of a yellow colour. Heated to redness in a crucible, 
every thing is expelled except the metallic platinum ; it is not 
fused, but remains in minute particles, in which condition it ab- 
aorbs much oxygen from the air, and when hydrogen is directed 
-upon it a red light is observed, and the hydrogen is soon inflamed. 

CHAP. XXII.— ORGANIC CHEMISTRY. 

393. Obganic Chemistry signifies the chemical history of 
the various proximate principles which have been observed in the 
animal and vegetable kingdoms, and which are there associated to- 
father so as to produce a peculiar structure, termed Organic, such 
as is never seen in any of the products of the mineral kingdom. 
(Gum, sugar, starch, woody fibre, albumen, fibrine, gelatine, and 
all those numerous substances of which plants and the bodies of 
animals are composed, constitute those proximate principles which 
are the products of animated nature. AH of them, however, are 
composed principally of a very few of the same elements. 

394. Vegetable substances are composed principally of carbon, 
oxygen, and hydrogen ; nitrogen is more rarely observed in them. 
Animal matters consist generally of carbon, oxygen, hydrogen, 
and nitrogen ; the presence of nitrogen gives to them many of 
their more peculiar properties by which they are distinguished 
from vegetable substances. 

396. All animal and vegetable substances are decomposed by 
heating them in an open fire, burning as their carbon and hydro- 
gen act freely on the oxygen of the air. They leave in general 
a small quantity of ash, composed either of potassa, various salts 
containing soda, potassa, or lime, and traces of iron or other me- 
tals. 

39tf. When heated in vessels so that the air is excluded from 
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them, mucb carbureted hydrogen gas is evolved; water, tar, and 
numerous oily or resinous compounds, may also be separated by 
distillation, and a considerable quantity of charcoal remains. 



CHAP. XXIIL— VEGETABLE CHEMISTRY. 

397* Seeds consist of the gebm, which produces the ftitnre 
plant. Germikation is the process by which the germ begins 
to grow from the seed, one part, the radicle, descending into 
the earth and forming the roots, while another, the plumula, as- 
cends and produces the stem. When the seed is planted, sugar is 
formed by the matter around the germ, constituting the first nou- 
rishment it receives. 

398. Veoetatiok includes all those processes which are ne* 
cessaiy to the growth of the plant after germination. By ab- 
sorption, nutritious matters are taken up by the roots and other 
parts of plants ; by circulation the sap is carried to the leaves, 
where a process similar in some respects to the respiration of 
animals is carried on, after which it is conveyed where the diffe- 
rent proximate principles are separated from it by the process of 
becretjon. 



CHAP. XXIV VEGETABLE ACIDS. 

399. Oxalic Acid is very soluble in water, crystallizes with 
facility when its watery solution is concentrated. It is very acid; 
and a virulent poison. Employed in testing lime, in polishing 
brass, and in cleaning leather. See 313. 

400. Acetic Acid consists of 4C-h3*H =r 51. It is the acid 
of vinegar, and is formed also in large quantity by heating wood, 
excluding the air ; obtained from this source, it is often termed 
pyroligneous acid. In a concentrated form it has a very pungent 
and fragrant odour, and is then used for vinegarettes. 

401. Take 1 ounce of vinegar by measure, mix it with a little 
vegetable blue, which is reddened, and add to the solution bicar* 
bonate of potassa in fine powder till the acetic acid is neutralized, 
the blue tint being restored. Note the quantity of bicarbonate 
employed, and calculate the quantity of acetic acid in the solu- 
tion, 101 grains of the bicarbonate containing a sufficient quantity 
of potassa to neutralise 51 of real acetic acid. 

402. Acetic acid corrodes many metals ; with oxide of lead it 



'76 TBWTJUftLB ACID& 

ftrnw the acetate or sngv of lemL Widi tndde of copper rer- 
^pcift 18 produced. 

40aw TAftTAftie Acid it procured from cream of tartar. II is 
not volatile like the acetic acid, and is decomposed when heated. 
It consists •f ox jgen 40 + cazben 84 4 fajdrogen 2 m 66. One 
equivalent of water is always combined with it, in Uie condition 
in wbicii it is obtained ; 7^ grains of the crystals axe accordinglj 
always med where 66 of the add are required. 

404. Disserve 76 grains of crystallized tartaric acid in a tumUer 
l-3d fuB of water, and dissolve 10! grains of bicarbonate of po- 
tassa in another, adding a little sugar and ^nger or cfnnamoA 
powder to the mixture, if required to communicate imy flavour to 
it ; on mixing the solutions, an effervescing draught is formed, 
from which the carbonic acid escapes quickly; tartrate of potassa 
being formed in solution, and carbonic add gas rapidly disengaged. 
For an tnrdinary draught, half the above quantity of materials are 
generally employed, a few grains of add being added in excess, te 
eoramumcate an addiilous taster 

- 405. Add a few drops of a solution of tartaric add to a concen- 
trated solution of carbonate of potassa, till a neutral tartrate of 
potassa is formed ; it is very soluble in water. Add afterwards 
more tartaric add till the solution is very add ; cream of tartar 
(bitartrate of potassa) £dk down in small crystaUine^grains. 

406. CiTEic Acid is obtained from the juice of the lime and 
^ the lemon. It is soluUe in water, ciysialii2di)le, easily decdm- 
j^osed by heat, and, when crystallized, nay be kepi for any iengUk 
of time, not being a^ to deoompoee like the juloe from which il 
is separated. 

407. Put 20 or 30 grains of Benzoic Acid into a Florence 
flask, and expose it very slowly and cautiouriy to the heat of a 
lamp ; it is soon melted, and converted into vapour, condensing in 
beautiful crystals upon the upper part of the flask, if the heat be 
not too great. If a piece of thread or any solid substance be sus^ 
pended in the interior of the flask^ the crystals collect very beau- 
tifully upon it. 

408. Paussic or Htdhoctaitic Acid exists in minute quan«^ 
tity in a number of flowers and fruits, communicating to them a 
very ridi and agreeable flavour, as in the flower of the hawthorn^ 
in the peach, and in the almond. It contains no oxygen, and is 
composed entirely of cyanogen and hydrogen ; 28 parts of cyano* 
gen contain 12 of orbon and 14 of nitrogen. Syn^. C^N*. With 
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I of kfdteg&Hj 28 ef cyaaoges ptodoce 27 «f pruMic sct^. Symhk 
HC'N. It » distinguished by its great power, wfcen in a con^ 
oentrated form, in alB^tiiig tlte aninntl economy, a few drops being 
quite snifid^it, when laid upon tlie tongue of a large dog, to pro* 
duce instant death, almost with the rapl^ty ef lightning. Laurel 
#ater, noyau, and mamj other liquids, contain a portion, and some- 
times glv^e rise to fatal effects, when the pruask acid is present in 
too large qfuantity. No fact appears more singular at first, than 
that a principle of sudi powerful actirity in reference to the ani- 
mal economy, should consist of the very same elements as are 
consumed every day in our food ; but chemistry abounds in facts 
stfch as these, as is observed, for instance, in the compounds of 
oxygen and nitrogen, these elements constituting in one proper* 
tiou the air that we breathe, and in another the corrosive nitric 
aeid or aqna^rtis. 

' 409. Pnissic acid is usually prepared firom ferroprussiate of po- 
tassa, a yellow coloured salt, which is formed on the large scale by 
heating animal matter with potashes and iron* This salt is mixed 
with half its weight of sulphuric acid, previously diluted with 
three or four times its hulk of water, and allowed to cool before it 
is poured upon the isalt in powder; the acid unites with the potaa. 
sa, and the prussic acid, which is united with iron in the salt, may 
be condensed in a receiver in combination with the water which 
distils along with it. The add should be prepared only in small 
qixantity, and always diluted with water, by those not accustomed 
to operate with it, so as to prevent any risk of accident. The re» 
ceiver ought to be kept very cold. Five or six grains of tbe salt 
are quite sufiiclent to give enough of the diluted acid, to allow its 
flavour, so similar to that of the peach, to be recognised. 

410. A number of compounds, called Vegetable Alkaxjs^ 
have been discovered in many of the more important medicinal 
substances obtained frqm the vegetable kingdom ; in these the me- 
dicinal properties of the substances from which they are extract- 
ed are found more particularly to reside. Moaphia is the name 
of the vegetable alkaH procured from opium. Quina and CiS' 
CHONiA are procured jErom Peruvian bark. 

CHAP. XXV.— OILY AND RESINOUS SUBSTANCES. , 

41 K All oily and resinous substances are composed, in geneial, 

of about 80 per cent, of carbon, 11 or 12 of hydrogen, and.9 or .8 
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of oxygen ; some contain no ozjgen. Exposed to the air; on any 
(extensive surfiuse, thej are apt to imbibe oxygen slowly, even at 
natwral temperatures, gradually becoming warm, and bunting ul- 
timately into flame, sometimes in a few days, but often not till 
weeks or months have elapsed. Numerous fires have been traced 
to the spontaneous inflammation of oil spread upon tow or cotton. 
, 412. Volatile oils rise in vapour at the temperature of boiling 
water, if mixed with this fluid ; they bum in general with much 
smoke, and are easily inflamed ; some carbon is deposited. 

Put an ounce of cinnamon bark in fragments into a retort, co* 
ver it with water, and distil a portion of the water into a receiver ; 
a portion of volatile oil, having the odour of the cinnamon bark, 
rises along with it, and renders it milky as it condenses in the re- 
peiver. 

413. Pour a few drops of oil of turpentine upon a piece of pa- 
per, and heat it gently before the fire, or over a lamp, at a dis- 
tance from the flame. It is soon entirely dissipated, leaving no 
greasy stain upon the paper. 

414. Dip a piece of paper in oil of turpentine, put upon it a grain 
of chlorate of potassa in powder, and touch it with a drop of aque- 
ous sulphuric acid ; peroxide of chlorine (see 244) is immediately 
liberated, and inflames the turpentine. 

415. Put two drams, by measure, of oil of turpentine into any 
cup or basin placed in the open air, or at a large ventilator. Put 
into a glass, tied to the end of a long stick, four drams by measure 
of strong aqueous nitric acid, and one of aqueous sulphuric acid, 
taking care that there is no turpentine in the measure employed. 
Hold the mixture as far away from the fitce as can be done con- 
veniently, and pour it upon the oil of turpentine ; much oxygen 
is immediately communicated to it, and the turpentine is quickly 
inflamed. 

416. Fixed oils are frequently obtained by expression; they 
are thicker than volatile oils, unctuous to the touch, and require 
a temperature about 600 to convert them into vapour. They may 
be regarded generally as compounds of two principles, Elain, or 
the more fluid portion, and Steakin, the more solid part, which 
freezes in cold weather before the elain. When the oil is boiled 
with potassa or soda in solution, soap is formed, and a substance 
having a sweet taste is separated. 

417* Heat a few drops of any fixed oil upon paper; it is not 
tx>latilized except by a heat sufficient to decompose ths paper. 
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., 41S* BoU aoa aoap ia twice its, bulk of spiril q£ tmt, filleting 
ih<d aoiution if it be not transpftrt nt 

il^ ^dd a, portion to common water ; if yery piiie^ 9Vky a^|^ 
qtfdeaoence is observed. 

• 420. Add a little muriate or sulphate of lime to water, in aBa» 
titer glass, and mix with it a portion of the solution of loap } the 
acid unites with the alkali of the soap* and ronuana in aolutiom a 
compound of the eaith and oilj matter of the soap sepa«»ti)ag la 
the form oi a curdj precipitate. 

421. To another solution of the muriate or sulphate of limi?, «i 
kk 4^ add carbonate of potasaa, or of 8od% so lonf as any preci- 
nttate ia formed. The acid of the eartbj salt unites with the.ab^ 
kali of the carbonate, and the lime and carbonic acid hi\ down «« 
an Insoluble carbonate. Add the solution of soap to the liq<i»i 
in thi^ condition ; it is not decomposed ; the acid of tho earthy «alt 
is already combined with alkali, and the earthy matler ha» bee» 
precipitated so as to h^ incapable of affecting the oily or &ttf 
matter. 

422. ]>issolve 10 or 20 grains of besw in three or lour timep 
its bulk of alcohol Pour the solution into a large quantity of 
water ; the alcohol unites with tho water» and the resin ia sep^^^ 
rated. 

423. Perform a similar experiment, using cahphou instead of 
resin ; it ia dissolved and precipitated in the same manner aa tb^ 
resin. 

424. Heat a few grains of camphor in a tube by a smaU lasip^ 
It soon melts, produces a transparent fluid, which ia quickly vo^ 
Utilized, and condenses in a solid form iu the upper part of th^ 
tube. 

425. Put an ounce of wax into a teacup or evaporating basin ; 
melt it by placing it in boiling water, preventing any from mix- 
ing with the wax. Untwist a piece of cord, and dip the separate 
parts into the wax; cut them into lengths of ff or g Inches, to be 
used as matches in applying a light in chemical experiments. 

CHAP. 3C3^VI.-.I,IGNIN, GUM, STARCH, AND GLUTEN. 

426* IiTONiN is the term applied to the woody fibr^ Mix a 
few chips of wood with aqueous sulphuric acid. It is blackened^ 
charcoal being separated as it is decomposed by the sulphuric 
acid. See 26& 
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427* BiMolye ouk*arabtc in water, after reducing it to pow- 
der, placing it in a flask or cup heated bj immersing it in boiling 
water. Mix a portion of the solution with an equal bulk of alco- 
hol; the water unites with the alcohol, and the gum is sepa- 
rated. 

428. Orate down several potatoes in a basin,- covering them 
with water, and stirring the mixture for a little time ; the stabcii 
which they contain separates from the fibrous matter, and may be 
seen at the bottom of the mass, being heavier than water, and in- 
soluble in it when cold. See 254. 

429. Mix starch with cold water, and then pour boiling water 
upon it ; a strong gelatinous mass is formed, if too much water be 
not poured upon it. It is very nutritious. Saoo, Tapioca, Ar- 
Bow Root, Potato Flouh, are all composed of starch. 

430. Mix a table spoonful of wheaten flour with water, so as to 
produce a stiff dough. Spread it upon the palm of the left hand, 
hold it over a basin of cold water, and with the right hand pour 
water upon it so long as a milky fluid appears exuding from it, 
pressing it gently from time to time with the finger. Flour con*. 
sists principally of starch and gluten mixed with gum and sugar. 
The water dissolves the gum and sugar ; the starch is carried 
away mechanically suspended by the water, and gluten remains 
on the hand;' If the flour be of good quality, about one-third of 
its weight of gluten is usually obtained. Flour is often sold of 
such indifferent quality that little gluten is procured from it. 
Gluten is the most nutritious part of flour, and forms the numerous 
little cells that appear in fermented bread, as gas and rapour rise 
in the substance of the dough. It contains nitrogen along with 
carbon, oxygen, and hydrogen, resembling animal matter in its 
composition. 



CHAP. XXVIL— SUGAR— VINOUS FERMENTATION- 
ALCOHOL. 

431. Sugar consists of oxygen 8 + carbon 6 + hydrogen 1 — 
Symb. OCH « 16. Soluble in water and alcohol; decomposed 
rapidly, when heated in the open air, burning with flame. Found 
in the sap of vegetables, and extracted by evaporation and crys- 
tallization. Molasses or Treacle and Honey contain sug^ 
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associated with different substances, which prevent it from crys- 
tainting with facilitj. 

432. When vegetable or animal substances are decomposed by 
the reaction of their elements, fermentation is said to take 
place ; and when sugar is decomposed in this manner, alcohol and 
carbonic acid being formed, it is termed the vinous ferment a- 
TiON ; 45 of sugar produce 22 of carbonic acid gas and 23 of alco- 
hoL Symb. 30CH = :C&OC«H«. 

433. Dissolve 4 ounces of sugar in 10 of water ; keep it at a 
temperature between 60 and 70 ibr some days, adding a little 
TEAST, the viscid matter that is formed during vinous fermenta- 
tion, and which speedily causes the decomposition of the sugar to 
commence. - In a few days a pungent fluid is obtained j having all 
the properties of beer. If the liquid be bottled before the fer- 
mentation shall have been completed, the carbonic acid, formed 
afterwards, escapes with effervescence when the cork is with- 
drawn. 

> 434. When grain is moistened, so as to enable germiiiation to 
commence, much sugar is formed, as described in 397. The ger- 
mination is then arrested to prevent the decomposition of the su- 
gar, and MALT is thus produced. With the fermented infusion 
of malt, ALE, PORTER, and small beer are produced. The juice 
of the grape gives wine ; and cider and perR7 are obtained by 
fermenting the juice of the apple and the pear. 

435. Fill a retort l-^d full of Fort wine, and distil one-half ; 
pale brandy is obtained. • Distil ale in the same manner, con- 
densing only I-8th of the liquid used, whiskt is obtained. In 
both cases, much water, and any solid previously in solution, as 
gum, sugar, colouring or astringent matter, remain in the re- 
tort ; alcohol combined with water condenses in the receiver. 

436. Distil whisky or brandy, till a half of the portion em- 
ployed, shall have condensed in the receiver; stronger alcohol is 
procured, more of the water remaining in the receiver. If the 
distillation be again repeated, mixing salt in fine powder with the 
liquid in the retort, very little water comes over with the alcohoL 
• 437* Mix half an ounce by measure of aqueous sulphuric acid 
with 9 drams by measure of alcohol, and distil till a portion of li- 
quid is condensed, equal in bulk to l-3d of the alcohol jised. The 
sulphuric acid retains part of the oxygen and hydrogen of the aU 
cohol, and the liquid in the receiver is a very volatile fluid, usual- 
ly termed Sulpbvrtc Ether, as it is prepared by the action of 
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4S9. Take a t«»-spo<Miful of oodh. of (he jproducls of dS»tilktion 
xefisrved to ia the {Nraceding jtaras^pkew and ^htaw tJb«ia upoa 
zttd hot cnidwEs. Oba8rv« how diSevwat the flaiae appieam iq eaefa^ 
being ptoie l\»iiiB0U8> tibte stronger the ^int is; the ether bunif 
wiib a muoh sieher flame than the akofaoL 

439. Alcohol boils at 176, 9^^ ether at 98, when they are exr 
trembly pure. Akohol is wuah uaed fos lamp^ a» U bunu with 
a cleai; and avohelcQs tone, prodvciog much heat» 

CHA?. XXVIHe—COLpURINa MATTER, 
; 440; Cut a comsioA xed cahhige inte snail pie«^ and heil H 
&r a short tiq^f with ne lyeve water than. U required to cevfi< iti 
Use the solutta piecyir^ in this naaoet, ev 1^ sivipljr iiteiRic 
the cut cahbi^e ^ hoUSog water,, as the c^9B4«s op vsinb:va»ia 
BLUE so often referred to in the preceding pages. 
, > 44)« ]QNi|» into the sahition a aunbei of slips ef pa|)^, 4 or 6 
inches square; keep them therti till thejr io»bihe some cekdnhis 
laattes^ and th^i dry thenn excluding thesEi aCterwards firem thfi 
actios of the light, uatil they are required Sort u«e» CiU amaU 
aUpi^ which iQi^ be teuehed with a miaute %i»«itity ef the 8el«« 
tioii, to he tested tio indicate the presence of acid ov alkatii being 
reddened by one, and turned to a green by the otfaec 

442. Dihite a solution of the v^^table blue, aod try the action 
alternately of acids and alkalis upon it 

, 443l Boil litmus in & or & times its bulk ef water ; pveptre test 
papers with tt|e selutioo as in 443w They are reddened by acids, 
hut not turned to a green by alkalis. 

444. Pour upo» a. tahle-HKKmful of turmene placed upes a;comr 
mon plate ^ or 4 timeft its bulk of boiling water,, and |»repare tur- 
meric teat papers a|^ iu 44SL They are of a fi«»}reUe«p» aad he* 
come reddish-hrown by alkalis, but are not aHeded by a<;|ds. 
. 44J^ Add a little alum in solution to a dilute aabitieii of litmua 
in ajar or iask ; mix a little potassa with the liquid till the aliN 
mina appears^ wluch will combine with the coleuihag matter as it 
^ precipitated. 

446. Dip a piece of. cotton cloth into a diluted solutieii of suit 
phate of iron, and allow it to dry; immerse it afterwarda in an 
infusion of galis^ containing gallic aeid ; it unites with the inn, and 
the cloth is died of a Uuishrhhu^k coh^ur. 
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447* Mix a lllfl6%f t^ MlHtiiBli ^ Ok Mc^bate of I»ob «Hli 
pm^y Spretffl It v«r^ l^iii iipm cl«lh, Mid l»l»tip« iilUe fay pneau 
ing ii)K}B it mny tftotnp «ir tdoak <]f voflid wi^ a iMmtb <:Bt u|»oii it| 
n^kh OMfy be vppViei Aftisy fineoiesiilv^)? ttm» 'to ^if&iwnt puis of 
l!lte«liftkir%«fiiil^^ «ii3rflHilif*Met]if wo«d wHI/dcsif m^ inii* 
tern can be made. Dry it, immerse it in « littteaqusotts a(iitiii»* 
Ilk dflvM1 19^ ttfneh l^i^i tlH^aeld fe i«tiiev«d« ttid the fat- 
lem appettrt ^ the tibtili in ^6 4imdilf MtUto«f iMn. ftan a 
^tle W(M:«f v^isii lt» Wid ipoux uptffi OM partioto IAm ^Afuilaii af 
galls. A ibladE <})iiittA« is 4io#iNKn vpmi a ^hlte^gnnind. JPiit 
ifiio(Jhe^)Mnkibliil»a%iiiiii<0f Water, l»wliieha1fewd9ops«f feire- 
pmssiate of paiassli^ lelatiM and ai(«ieDin«ttiie aoid aladl tev« 
been addled. Ji4iliie]^%temlsiiio#a«MvmU 

44& Put a number nf Hoarevs ?€ 4U^ Hsi^toat^ tmd aim wvttal 
gM«n leaif^s^ %af» a ^n«e of <$liUrl»e;i mM «f ttem 4ffe^idiiilj 
b^tttcIliBd. 

449. Put a lmk4i lliMisiidMid yifti, Md« wnAAr'or itnlpi of 
^iSkit^t ddtmMi tyth^ dy«i %Hh4nitaial dr imgati^la ^la«ttln|j^ 
naH^, Intii6««d}«ft^ii of •diiofllM in irat»«. VlK^%i»4ii wott 
MeacAied V*^ p^wwM aettob df the chlbrteo. StxnUkKt eufta^ 
f)m»ittttia7be^fi«a%y«dd>l^asiilfAlDn of dhioite t» aalattama 
«f 'cdlduring matter in-waten^. €hl9rMid of ^tee'^Hisali^ in ^wvter 
may be substiftirted tx cfaloftee, «ditai|f «^»«r4ir«|)s 4if40idv 

460. Put se'v^nd fl««ret« intd a lta»ge |^i»»jiir» «iid kiflatiie a 
little sulphur in a small metallic cup placed within the jar, as in 
Fig. 24. The sulphuroiTS add prodticdl by the combustion of the 
mlphur blatiches a fiUMber bt Ih)w«r8. Tiie putipfe vfp^pe Irra- 
ehith, Hie blue cr«»ui^ the fioiel, and many o^bar Mue Aki^s, da^ 
well for tMs «ieperiineiit ^ t^e^rst fa the bast. 

461. Hold sensie tC the blanched flowers in vupauni of wat^ie 
iccid gas, produced by fkyoring aqueous snipfaaric add «n commnn' 
«a)t ; t%e acid aciting •on the bi»e of the i!oloaring iaa6t«r {yr^nsaa 
a 1*66 tint. 

469. Put imather poartion ef tlie blawAied fla«r«ni Into a jar «(»i. 
tailing a f«ry !itl^ stmng aqueous araaa[miia ; the vspaiit esoap. 
log firote it tu«ns them to a ^e green. 

CHAP. XXIX. ANIMAL SUBSTANCES. RESPinATION. 

463k Albcnn€<n, 'fibrine, gelat^ie, and oily or fatty matt^v, eon- 
stitute the more abundantrproximate mkimal princ^es. 
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454. B0VE8.— Heat fngmentf of bone in an open fire ; i|U the 
animal matter is coniumed, and the earthy matter, composed 
principally of phosphate with a little carbonate of lime, is left 

4dd. Heat another portion to redness in a covered crucible, so 
as to exclude the air; much charcoal is left with the earthy mat- 
ter, producing ivory black. - 

456. Albums V. — ^Put a portion of the white of the egg^ which 
is composed principally of water with albumen, into six di£G?rent 
glasses. Coagulate the albumen in all by .adding successively 
aqueous sulphuric, nitric or -muriatic acids, alcohol, infiision of 
galls, and bichloride of mercury. The coagulation of albumen by. 
heat is familiar to every one. - Mixed with cold liquids, which are 
afterwards heated, it coagulates and entangles all impurities, and 
is accordingly much used in clarifying fluids. 

457* GzLATiHE conldtitutes Glue, Isiholass, and the animal 
matter of jellies. Distinguished by its solubility in hot or cold 
water, and the tremulous jelly it affords on cooling. 

456. Add an infusion of galls to a solution of gelatine ; a copious 
precipitate appears similar in composition to those kinds of leather 
which are prepared by-putting the skins of animals which are 
composed principaUy of gelatine into infusions of oak bark, these 
containing the vegetable matter called tannin, as well as the in- 
fusion of galls. The compound is termed Tanno-Gelatine. 

459. Fibrine constitutes the solid part of muscular fibre. < 

RESPIRATION. 

460. Kespiration consists in the inspiration and expiration of 
air, which acts upon the dark coloured blood in the lungs, gives 
it a brilliant florid red colour, and renews it continually in its 
qualities so as to adapt it to the various purposes for which it is 
required in the living body. If we suppose 16 or 17 respirations 
to take place every minute, we may be allowed to estimate that 
man respires on an average iOOO times an hour, or draws upon the 
atmosphere, that great magazine of oxygen, no less than 24,000 
times every day and night for nourishment and support, without 
which his existence could not be prolonged even for a £bw mi^ 
nutes. The great changes effected in the air are the removal of 
a part of its oxygen, which is replaced by carbonic acid gas, being 
thus vitiated in such a manner,, and rendered so unfit for respira- 
tion, as to prove fatal to any one who might continue to respire 
for a long time the same portion of air. 
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4G1. Blow through a glass-tube into water tinged with litmus. 
The ciarbonic acid reddens the litmus. 

462. Blow in the same manner into lime-water; carbonate of 
lime is quickly deposited. 

463. Blow into a small flask with a tube, expelling as much air 
as possible from the lungs, and immediately introduce a lighted 
suspended candle ; it is extinguished. 

464. If we assume as an average that between 5 and 6 ounces 
of carbon are consumed daily in the production of carbonic acid, 
th3n 3 individuals will evolve carbonic acid containing 1 pound of 
carbon ; and the following rough estimate will give some idea. of 
the large quantity of carbon consumed by man alone ; approxi* 
mative numbers have been taken in estimating the population of 
different places to avoid fractions. • 

„ ,^ . Tons of Carbonic 

Tom of Carbon Acid produced 

Population. consumed daily. daily. 

Edinburgh, . 150,000 22 80 

London . 1^500,000 220 800 

Whole globe. 800,000,000 117,333 426,666 

The annual consumption of carbon, accordingly, by man alone, 
may be estimated at 42,826,666 tons, and the annual production 
of carbonic acid at 155,733,333 tons. 

465. During the respiration of vegetables, at least in the sun* 
shine, carbonic acid is decomposed, carbon retained, and oxygen 
evolved; in this manner, the two great systems of animated na- 
ture, each counteracting the influence of Uie other by those pro- 
cesses which are essential for their nourishment and support, are 
believed to maintain the air in that state of equilibrium which is 
so necessary for the existence of both. 

CHAP. XXX.— FLAT GLASS, TUBE, AND BLOWPIPE 
APPARATUS. 

466. When slips of glaziers' window-glass are properly selected, 
they may be used for the following purposes. 

467. 1. Solution. Broad slips of the size seen in Figs. 60. and 
70, or twice the length and breadth seen there, are best adapted for 

Fg.69. 
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this purpose ; tbey are held hy one extremity, and a minute qutn^ 

rig. 70. 




tHy of the substance to be dissolved, about the size of a mustard 
■M4, ii placed at the other, covering it with 8 or 10 drops of th* 
l|ttld Med <bf solution. 

48a II. BotLiK& LiavtDS. sups of the same ^e as F!g. 69. 
ttfty be employed, but they ought to be selected as thin as possi* 
Uet these which are about the ^Oth of an inch in thickness Ho 
well The part heated should be covered for the length of All 
hteh «r two with the Kqiiid to be evaporated ; the slip may be 
placed before the fire, in a current of warm air^ or one or two 
inches above the dame of a very small lamp or candlew 

4(ld. III. CarsTALuzATiON. Solutions to be crysUfllzed 
may be spread over the greater part of the glas% and left to eva- 
porate spotitaneously, or concentrated by heating, removing the 
sup ftom tiie heat the moment any solid appears on the edges; if 
the heat be continued longer, a confused mass is generally ob» 
terved Instead of crystals; Fig. CD. represents the appearance fre- 
qtMmtly seen where small needle-like crystals are produced. Glau- 
ber salts (sulphate of soda), Oxalic acid, muriate of strontia, and 
bichloride of mercury, give solutions which crystallize with great 
IheUity. 

470. IV. FiLTAATiOK. When a solution is turbid, from the 
admixture of solid matter, it should be collected at one extremi- 
ty ; a small tapered piece of bibulous or filtering paper is then 
placed next it, as in Fig. 70, when the fluid in general passes 
along, and a drop of clear fluid is obtained at the pointed extre- 
mity of the paper. The glass slip should be gently inclined, and 
more water or other solvent should be added, Fig»7i. 

if there be not enough to moisten the paper. 
When the solution does not filter readily in this 
manner, a square piece of paper may be folded 
in two, this being again repeated, so that on open- 
ing it in the manner seen in JFlg. 71, the fiuid 
mny be poured into it as it rests ou the side of 
this flat glass. 




FLAT QUM AJPPAtlATUS. dfi^ 

.. TheMjil^ or thd luumHr flUt>, tnay aivo b* used for Fksc^n^ 
TATiov. See V. 

471. V. Slips Foa T£STty&, Stimrikg, and Liftiko Fluids. 
These are made of the form and size shown in Fig. 72. Dipped 
Fif.72. 



into any solution, a portion adheres to the extremity ; it itiSLy HieA 
be divided into many small portions, upon a broad slip of .glaM ot 
paper, by tmiehliig it with the ettd of th« d^ to whkb the MA 
adheres. The sarrosr slips being ckaw?d in a haiifi of water, m^y 
then be dipped into any tests, and applied to each separate por- 
tion distributed over the glMS or piper as in Fig. 73. 




472. TI. Fdr Fustov and ttKct>atvoitTt<ni, tb« hnad eii|S iii*y 
be employed where ab i&t«nM heat is not i»quire4 la tsiunla* 
ing the efibct of heat whect a ttoits elevated tenpCMtuftt is tte^ 
oessary, the narrow slip should be employed, and ii» «iore U\sga 
up than can be lifted ij the point, th» ^aatity mft «:KOMdlMg in 
bulk the head of a small pin» PracUse experinvmti of thii kind 
with acetite of lead, red lead, sulphste of coj^Mfr^ sidphttte of teoity 
nitrate of silver, terdihiride «f gold, and Mty other suhitafice^ th« 
effect of heat upon whidb hftt akteady been described. 

473. In experimenting with bomx and metallic oadidM or other 
substances, heat the pointed extremity for half a minat% dip it 
instantly into powdered boraxi a portion of whieh hamedkitely 
adheres ; it is then brou^t in contact with the mitotance to be 
fused along with it, moistening U^ if this be neoesmry, to nsidpe a 
little adhere. The material is usually heated in the fltme of a. 
lamp or candle ; in the outi^ flame, a a, Fig. 80^ hot air acts upon 
it, but in the inner fiame, it is subjected to the actinii of hot car* 
bon and hydrogen. Between these is the point of greirtest iMMit. 

474. Fig. 74> shews the arrangement adopted in placing the gat 
or other lamps, at Heriot's Hos^tal» in the ScottiA Institution, 
in the School of Arts, and other places, where flrom 40 to lad 
pupils operated at once. The beeches are iuranged so that the 
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teacher is in the centre, and abk to command a view of them alL 
Fig. 74. 
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Cups, glasses, or saucers, with the materials, are placed at one 
end of each, and a basin of water at the other. 

BLOWPIP£. 

476. Fig. 75. represents a blowpipe made of tin, with a brass 
nozzle inserted at the lower extremity. The j.. ^^ 

upper part of the tube, into which air is blown 
by the mouth, is 3-IOths of an inch in diame- 
ter, the lower part an inch, and the nozzle, 
which proceeds from it, and is inserted into 
the ilame of a candle, or of an oil, tallow, or gas 
lamp, terminates in an opening about l-40th 
of an inch in diameter. By blowing through 
this tube, when the nozzle is held in any flame, 
it may be made to produce a conical flame, 
or BLOWPIPE DART, as It is frequently term- 
ed, with which numerous experiments may 
be performed, where small portions of matter 
are subjected to its influence. The outer part 
of the flame abounds in oxygen derived from 
the air, and is termed the oxidatixo flame ; 
the inner part, when yellow, and loaded with 
hydrogen and carbon, is termed the deoxibatiko flame. The 
carbon and hydrc^n tend to remove oxygen. The blowpipe may 
be made 10 inches long: 

476. By blowing with the cheeks distended like a trumpeter^s, 
and endeavouring to renew the blast as speedily as possible when 
it intermits during inspiration, the habit of keeping up a con- 
tinned blast is acquired, the air with which the cavity of the 
mouth is filled being used to maintain the stream, while a fresh 
portion passes down by the nostrils to the lungs. 

477* When a metal is to be procured from an oxide, or any de- 
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oxidating effect to be produced, a diarcoal support is used $ a piece 
of wood heated at one end in the fire so as to become blaclc, does 
very well Ked oxide of lead and aqueous sulphate of copper are 
much used in practising the extraction of metals by the blowpipe. 
47& If the outer flame is to be used, a slip of glass, with a small 
earthen cup at one extremity, Tig. 76> is the most convenient 
Fie.76. 



support ; if the extremity be touched with a minute quantity of 
a solution of silicated potassa (321), it adheres firmly, and any 
substance placed upon it may be exposed with great fiicility to the 
action of the outer flame, and all the effects produced and seen 
with great distinctness. 

479. These blowpipe cups are prepared in the following man- 
ner. Procure a piece of brass, l~20th of an inch thick, of the size 
shewn in Fig. 77, and with seven round holes in it Place it 

Fig. 77. 




upon a slip of paper, and fill up the apertures with pipe-clay, pre- 
viously mixed with water, and having the consistency of dough. 
Bemove any superfluous clay with the finger ; then press them 
with the finger, the brass mould and paper resting on the left 
hand, so as to give them a cupped form. Dry them slowly before 
the fire for an hour or two, and heat them to redness in a cru- 
cible to make them fit for use. 

480. Heat iron, lead, copper, zinc, tin, bismuth, and antimony, 
on these cups, in the outer flame, and compare the effect produced 
with what is observed when they are heated on charcoaL 

481. Fuse a little borax on several cups, using it alone on one, 
and touching the others with a little of each of the following sub- 
stances : Binoxide of copper gives a green glass ; metallic copper 
is seen in the inner flame. Binoxide of manganese produces 
an amethystine tint. Arsenuret of cobalt (common ore of cobalt) 
mixed with an equal weight of nitre, produces a fine^blue. Pro- 
ceed also with the borax on the cups as in 387. 

482. Fig. 78. shews another form of the common blowpipe, fix* 



•d to a ffluOi plate of tead, » ^bai iU motion tsn be TtghhiteAhy 
lliemo«tlH and the hands left free for experimenting. A fertn of 
gaa-buraer Is tvpreseBted there, which is much employed in blow. 
pipe experiments. The Jet reptesetited in Fig. 39, is also wdil 
adflfAed Ibr this purpOM^ 



Jl^.78. 




Fig. 79. 
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TUBB APPARATUS^ 

4M% Ttrfe£s ^f TttTir OLASs, of the size and fbnn shewn in 
fig. 79, are extremriy convenient for numerous experiments 
where gases are evolved, liquids to be boiled, or solids to be heat- 
ed and sublimed. Cases fbr holding them may be easily made of 
wood, of the form represented in Figs. 80. and 8 1 . Small retorts, 
receivers, and flasks^ Pig. 82, are frequently made with tubes, for 
9^foiMK^ OB minute quantities of different substances. 
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CHAP. XXXI MISCELLANEOirs APPARATUS-^MATE- 

I^IALS FOn EXPERIMENTS. 

49L WMt» of the imi wkmm m f^ a3« and 84. we nnieh 



Fig. 85. 





used in a variety of experiments. Fig. 85. i^preaents twa small 
flasks, or bulbs of gl/iss, connected by an intermediate tube,i so as 
to be used as a small retort and receiver. The wide flask, Fig. 83, 
if 4 or 5 inches in* diameter, does well for burning phosphorts 
and other materials in oxygen ; these are supported on a stand, as 
in Figs* 23. or 24, the ?up being at a height equal to tlie Inagth 
o£ the neck of the flask; the flask, ftill of «zorge« gas^ktheki 
. placed over the inflamed material, the mouth being plaeed dowiv- 
wards, and allowed to rest on rather a rough suy&ce, that part of 
the oxygen may escape easily as the expansion proceedsi 

485^ Fig.. 86. shews the form of a wooden stand with a nmaber 
of aperturea> very convenient f<» giving a temporary support to 

Fif.Cifc 
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retorts, flasks, funnels, and other apparatus. Figs. 87* and 88. re- 
present a square bloek of wocmIv with an ipe^r^ and also a ting 
'0f tinned in»9 which,ai« oftan necessary in suppoxting flasks. 
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480. Fig. 89. is intended to ^ve an outline of a verj plain form 
of a retort-st^d, which is extremelj useful, and may be made in 
a very short time bj any blacksmith. It consists of a small plate 
of wrought-iron, 7 inches long, 3 broad, and l-2d of an inch thick. 
A stem rises S-Sths of an inch in diameter, and 10 inches long. 
Rings are made of iron, wire, which are supported by coiling the 
wire 2^ times round the stem. These may be moved readily upon 
the stem, but when any weight rests upon the extremity, they 
become quite fixed in their position. 

Fig. 89. F<g. 90. 




Fig. 91. Fig. 




487* Figs. 90. and 91. shew the form of the long funnel for in- 
trodncing liquids into a plain retort, and also a common iiinnel, 
such as is used for filtration. Fig. 92. represents a piece of filter- 
.ing paper, folded in the manner required where liquids must be 
filtered quickly. 

488. Figs. 93, 94; a rake and scraper required in furnace expe. 
ziments. Figs. 95, 96 ; small wires of difierent kinds of metals, 
used for supporting minute quantities of materials in the flame q£ 
a lamp ; platinum wires are preferred. 



Fig. 93. Fig. 94. 

9 



Fig. 95. FIg.9S. 

II 



Fig. 97. 



Fig. 98. Fig. 9a 





480. Figs. 07, 98, 00, represent difierent forms of tongs and 
pincers. Fig. 100, a crucible and its cover. Fig. JOI, a crucible 
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covered with another luted to it, ^ being carried off at an aper. 
ture made in the top. Fig. 102, tin pincers. 

Fig. 101. 

Fiff. 100. 

Fig. 102. 





490. A conical piece of tinned iron, open above and below, be« 
ing filled with clay, and a piece of hard wood of the same form, 
but a little smaller, being pressed into it, a crucible is at once ob. 
tained whfch must be dried and heated slowly before it is used. 
The tin and the wood must be well oiled to enable the crucible 
to be removed. Small crucibles, 2 inches deep, 1^ wide at the 
top, and tapering a little to the bottom, are very convenient for 
numerous experiments. 

491. In using retorts, flasks, and crucibles, they should not in 
general be filled more than l-3d fiill, where the materials are apt 
to effervesce or boil over. 

492. Pneumatic jars, see p. 44, Fig. 15, must be filled cautious- 
ly with water when they are mounted on the shelf, d, to prevent 
them from being knocked over by any sudden movement in the 
fluid ; the spout c leads any excess of water into the box /. 

493. Small pieces^ of tin, copper, iron, and zinc wire, plate or 
foil, are very useful in experiments on the small -scale. 

494. Solutions are usually prepared by merely agitating the 
solid with water, or some other solvent, if it be very soluble ; the 
mixture is boiled if the substance be sparingly soluble. 

495. Equal weights are always understood when the term 
<' parts*' is used, unless parts by measure be specifically men- 
tioned. 

496. Cubic inches are expressed by c L, weight by W, volume 
by V. 

. 497. The following table may be firequently referred to, so as 
to enable the experimenter to calculate the weight of materials 
used firom the. amount of the .common measure employed for che* 
mical purposes. 



M 



MATCKUU VOK XXPBRIif ENT4< 





gpedflc 


WtlfktkiQMluof 1 


lOuiica 


IDnchm. 


1 Minim. 


DistUled Water . . 


1.000 


455.72 


56.96 


0.947 


Sulphuric Ether • . 


0.720 


328.12 


41.01 


0.683 


Alcohol 


0.796 


362.76 


45.34 


0.749 


Solution of Ammonia 


0.925 


421.54 


52.69 


0.878 


Muriatic Acid . . . . 


1J18 


509.50 


63.68 


1.061 


Nitric Acid . . . • 


1.480 


674.47 


•4.30 


1.405 


Sulphuric Acid . . . 


1.849 


842.18 


105.27 


1.754 



60 drsfia or siiniiHS «■ 1 dnmi. 

8 drana • » a* 1 ounce. 

16 ounces . • » 1 pint 

ft piatf . • M 1 gaUoD. 

Imperial plat . *« 87M* gndnaof distilled water. 

Imperial fluid euBce— 437'5 

Cubic inch . s 252*458 

Pound, avoirdupois as 7000* ........ 

Ounce, avoirdupois a 437*5 ••.••«•,. 

498. The small museums, price 6s., prepared by Mr Macfiurlanet, 
coQsiating of about 6Q specimems with bottles contalnizig the most 
important acids and alkalis, and slips of glass, are extremely use- 
ful in enabling the student, who has neither time nor opportunitj 
to operate with more extensive apparatus, to make himself fami- 
liar with a wide range of chemical phenomemu 

499. The fbllowing list of materials and apparatus may be use- 
All to those proposing to commence a series of experiments by 
themselves : — 

[A * indieates that the substance belbre which it is placed 
should be kept in solution, as w^ as in the solid form, f is pre- 
fixed to those which may be kept in solution alone. Phials capa- 
ble of holding from on^'dsa^i to two pr three ounces will do ex- 
tremely well for this purpose. Boxes containing the materials, &c. 
rspreseated below aHottld not cost more t6an alfout three pounds : 
when of the larger aiae, and intended fbr Introductory Courses in 
Schools and Academiei^ firomaix to ten pounds may be expended 
upon them.] 
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Sulphuric, Xitric, and Muriatic Acids; Solution of Potassa and 
Ammonia, — all these must be kept in stoppled phials. 



Sulphur. 

Phosphorus. 

Iodine. 

* Fused Potassa. 

* Carbonate of Potassa. 
Bicarbonate of Potassa. 
Sulphate of Potassa. 
Nitrate of Potassa. 
Chlorate of Potassa. 
Bitartrate of Potassa. 

* Ferroprussiate of Potassa. 

* Bichromate of Potassa. 

* Iodide of Potassium. 

* Silicated Potassa. 

* Carbonate of Soda. 
Bicarbonate of Soda. 
Phosphate of Soda. 

* Oxalate of Ammonia. 

* Carbonate of Ammonia. 



Iron. 

Oxide of Iron. 

Peroxide of Iron. 

* Sulphate of Iron. 

f Permuriate of Iron. 

Lead. 

Sulphuret of Lead. 

Litharge. 

Red Oxide of Lead. 

Carbonate of Lead. 
•Acetate of Lead. 
•Nitrate of Lead. 

Ore of Cobalt (Arsenurct). 

Tin. 
' Bismuth. 

Antimony. 

Sulphuret of Antimony. 

Copper. 

• Sulphate of Copper. 



•f Hydrosulphuret of Ammonia. • Nitrate of Copper. 



•Chloride of Lime. 
+ Muriate of Lime. 

Sulphate of Lime. 

Phosphate of Lime. 

Phospfeuret of Calcium. 

Fluoride of Calcium. 

Sulphate of Baryta. 
•Nitrate of BaryU. 

Sulphuret of Barium. 

Strontia. 

• Muriate of Strontia. 
Magnesia. 
Sulphate of Magnesia. 

• Alum. 



Zinc 

Oxide of Zinc. 

Arsenious Acid. 

Sulphuret of Arsenic. 

Binoxide of Manganese. 

Mercury. 

Binoxide of Mercury. 
♦ Bichloride of Mercury. 

Bisulphuret of Mercury. 

Bicyanide of Mercury. 
♦Nitrate of Silver. 
f Bichloride of Platinum. 
fTerchlorideofGold. 
t Tincture of Galls. 



Silica. 
* Oxalic Acid. Tartaric and Benzoic Acids. 
Cabbage, Turmeric, and Litmus Test-Papers ; Filtering Paper. 
Chalk or Marble, Sulphuret of iTon, and Borax, may be pro- 
vided in larger quantity. 
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Pneumatic Trough with ShelC 

Pneumatic and Precipitate Jars, 
with Tin Trays. 

Tube Retort, Receiver, and 
FunneL 

Basin for evaporating. 

Watch Glasses. 

Test-Tubes. 

Pipettes. 

Bottle and Bent Tube. 

Spirit-Lamp. 

Glass FunneL 

Slips of Glass for Solution, Eva- 
poration, CrystallizatioD, Fu- 
sion, and Testing. 

Apparatus for Instantaneous 
Light. 



Retort, Stand, and Ring. 
Cupped Iron Block with Iron 

Bar. 
Triangular Supp<»ts made of 

Wires of different Metals. 
Crucibles. 
Blowpipe. 
lUowpipe-Lamp. 
Blowpipe-Cups. 
Brass Mould for making them. 
Platinum Wire. 
Supports for Candles, Sulphur, 

Phosphorus, Test Tubes. 
Iron- Wire, Slips of C<^per and 

Tin. 
Phials, Test-Tubes. 



500. Paper dipped in different fluids is well adapted for illustrat- 
ing a great variety of chemical phenomena. Dip different slips of 
paper into solutions of nitre, nitrate of lead, and nitrate of copper ; 
dry them and set them on fire, so as to bum without flame ; car- 
bonate of potassa, highly alkaline, is produced with 'the first, me- 
tallic lead and copper with the others ; the copper immediately at- 
tracts oxygen, and assumes a dull appearance. 



TllE END. 
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CHEMICAL APPARATUS. 

A complete assortment of Chemical Bubstancee* with Apparatus sufficient 
to perform all kinds of Experiments, as detailed in the preceding work, has 
been prepared and fitted up in an el^;ant and commodious nuamw, in a con- 
veniently sized mahogany box, by J. F. Macfarlake, Chemist and Druggist, 
North Bridge, Edinburgh^ and is sold for L.2, 6s. Portable Laboratories ar- 
ranged for Demonstrations in Schools and Academies, L.6, 6b. 

For the convenience of banners and others who wish to perform Experi- 
ments on a less extensive scale, an assortment of articles has been fitted up in 
a smaller box, price 7s. 6d., which may be ordered from the PuUishers of the 
present work, or their Agents. 

Mr Macparlank likewise furnishes, for use in town, assortments in small 
pasteboard boxes, for 6s. 



Dr d. b. reid's classes, 

ROXBURGH PLACE, EDIITBTTROH. 

The WINTER LECTURES coanmence in the beginning of November, and 
terminate at the end of ApriL From One Hundred and Forty to one Hundred 
and Fifty Lectures are given. Tidcet LA Sa. 

The SUMMER LECTURES commence early in May, and conclude at the 
end of July. This Coarse includes Sixty Leoiurea. Ticket L.1, 5s. 

PRACTICAL COURSES commence in the beginning of November, Fe- 
bruary, and May, each continuing Three Months, and including about Sixty 
Lessons. Ticket L.3, 5s. 

INSTRUCTIONS in ANALYTICAL CHEMISTRY, arranged according 
to the Professional Views of the Student. Laboratory Pupils L.SO per annum. 

EXTENDED COURSE of THEORY and PRACTICE, with Daily Superin- 
tendence of Chemical Studies. Terms L.100. 

Books published by Dr Reid. 

A TEXT BOOK for STUDENTS of CHEMISTRY attending LECTURES, 
containing a Condoised View of the Facts and Principles d the Science. Se- 
cond Edition. Price 6s. 

ELEMENTS of PRACTIOAL CHEMISTRY, oompriaing a Systematic Se- 
ries of Experiments, with Directions for performing them, and for the Prepa- 
ration and Application of the most important Tests and Rei^fents. Price 15s. 

The STUDY OF Cl^EMISTRY as a branch of Education. Price Id. 



Jnptogceutoi PuhUoation, 

CHAMBERS'S EDUCATIONAL COURSE. 

EDITED BY 

WILLIAM AND ROBERT CHAMBERS, 

COimUCTORS OF CHA]IBE&8*8 EDIlTBU&eH JOURNAL, &C. 

The success which has attended the elibitta of Mflans Chambxrs in the 
businesB of Popular Instruction, has induoed them to undertake the duty of 
supplying a series of Treatises and School Books, consiruoted aooording to the 
most advanced views of Education, both as a Science and an Art, and answer- 
ing in its parts and ultimate general efllect to the demands of the age. 

Their Course will, as far as possible, embody the code and materials of a 
complete Elementary Education, Phyrical, Moral, and InteUeolnal, according 
to the following views :— 

[ Phptioal EducaUon.2 In order that man majr posKss a ^^gerous l^ame of 



CHAMBERS S EDUCATIONAL COURSB. 

body ti|d its oonoomitant sound health, without which every species of moral 
and iillMlectual exceUenoe is cramped and frustrated, he must be subjected 
from the moment of birth to such processes of nuuiajfement, and afterward* 
trained to such habits in food, exercise, cleanliness, and exposure to air, a» 
have been ascertained to conduce to strength and health. 

iMoral EdueaHoiru] For the sake of himself and society, he must be habi- 
tuated, from the dawn of consciousness and feeling, to the regulation of the 
inferior sentiments of his nature, and gradually to the due exercise of tho 
higher sentiments— Justice, kindness, and trutSi, towards his fellow-beings, and 
veneration towards the objects of his religious faith. 

llntellectuai Education.^ That he may be qualified for the ready acquisition 
of knowledge, and the performance of the duties and labours of life, he must . 
be instructed in (I) Reading, at least in his own tongue, (2) Writing, (3) Arith- 
metic, and (4) Grammar and Comi>osition. That he may enter life with a 
mind informed respecting that creation of which he is a part, and that anciety 
of which he is a member, and qualified as well as may be to perform the part 
which will fall to his lot, he must be acquainted with at least the elements of 
tho following kinds of knowledge— (1) the Surface of the Earth (Geography) ; 
(2) the Structxire of the Earth (Geology) ; (3) the Vegetable Productions of the 
Earth (Botany) ; (4) the Animal Creatures of the Earth (Zoology) ; (5) the 
Phenomena of the Atmosphere (Meteorology) ; (6) the Elements of Matter 
.and their Combinations (Chemistry) ; (7) the Mechanical Powers and Rela- 
tions of the Material World (Natural Philosophy) ; (8) the Science of Measure- 
ment (Geometry) ; (9) the Relation of our Globe to the other component parts 
of the vast System of Creation (Astronomy) ; (10) the Physical, Moral, and 
Intellectual Nature of Man, with reference to the preservation of health, and 
the attainment of happiness ; (11) the Production and Distribution of National 
Wealth (Political Economy) ; (12) the History of Nations and Countries, An- 
cient and Modem, especially those in which tho Pupil is most interested. 

The prices of books of instruction having hitherto been found a great obstacle 
to the extension of education, especially among the humbler orders, Messra 
(Chambers have exerted themselves to produce those portions of their Course 
which will take the character of Text or School Books, at rates forming the 
smallest possible advance upon the cost of the materials. 

The following volumes, besides the present, have already appeared :— 

INFANT EDUCATION 

BETWEEN TWO AND SIX YEABS OF AGE ; 
Forming a complete Directory for institutmg and managing the semmaries 
called Infant Schools, and also for the guidance of private individuals who 
have the charge of Children at that period of life. 

Price Oa. 6d. sewed, and 2s. oioth boards. 

INTEODUCTION TO THE SCIENCES. 

Price lOd. sewed, and la. 2d. cloth boards. 

HISTORY OF THE ENGLISH LANGUAGE 
AND LITERATURE. 

FriJDdSs. sewed, and 2s. 0d. cloth boards. 

HISTORY AND PRESENT STATE OF THE 
BRITISH EMPIRE. 

Price 2s. sewed, and 2s. 6d. cloth boards. 
All the volumes of Chambbbs's Educational Coubsb are so far uncon- 
nected with each other, that any of them may be adopted, by itself, in the 
instruction of youth. 
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